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(57) Abstract 

An active matrix LCD using two-terminal 
non-Hnear elements as switching elements is dis- 
closed. This new kind of active matrix LCDcom- 
prises a matrix of pixel elements, and each pixel 
element comprises a first two-terminal non-linear 
element (5), a second two-terminal non-linear el- 
ement (5*), and a capacitor (8) for holding the 
voltage on the LCD cell. When both the first 
and the second two-terminal non-linear elements 
are in the conducting state, the voltage on the ca- 
pacitor (8) can be changed. When both the first 
and the second two-terminal non-linear elements 
are in the non-conducting state, the voltage on 
the capacitor (8) can be maintained. To improve 
the display uniformity of an active matrix LCD 
based on two-terminal non-linear elements, the 
display characteristics of each pixel are measured 
and stored in a calibration memory (70), and the 
correct driving parameters for each pixel are cal- 
culated based on the display characteristics of the 
pixel fetched from the calibration memory (70). 
Finally, the correct driving parameters for each 
pixel is used to drive the active matrix LCD. The 
correct driving parameters for each pixel can be 
stored in a video memory (80). 
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Active Matrix LCD Based nn Diode Switches and Methods of Improvin g D i splay Un iformity of Same 

FTELD OF THE INVENTION 

This invention is related to active matrix Liquid Crystal Displays (AM-LCDs), 
and specially to a method for making active matrix LCDs based on non-linear diodes and 
a method of improving the display uniformity of these diode based AM-LCDs by 
calibrating individual pixels. 

5 



BACKGROUND OF THE INVENTION 



Active matrix Liquid Crystal Displays (AM-LCDs) are one of the major type of 

10 flat panel displays that can offer high resolution, high contrast, and fast response time 
suitable for video applications. Even though active matrix LCDs have better display 
quality than other kinds of passive matrix LCDs, active matrix LCDs are usually more 
difficult to manufacture and therefore more expansive. There are generally two broad 
categories of active matrix displays: one category use three-terminal thin film transistors 

15 (TFT) as the switching elements and the other category use two-terminal diodes as the 
switching elements. Typical two-terminal diodes used in active matrix LCDs are thin 
film diodes (TFD) and metal-insulator-metal (MIM) diodes. Since two-terminal diodes 
are much easier to manufacture than three-terminal transistors, active matrix LCDs based 
on two-terminal diodes should be cheaper than active matrix LCDs based on three- 

20 terminal transistors, especially for large area displays. At present, however, in market 
place, active matrix LCDs based on two-terminal diodes have not been as successful as 
active matrix based on three-terminal transistors, because the display quality of LCDs 
based on two-terminal diodes have not been as good as the display quality of LCDs based 
on three-terminal transistors. The major reason for the poor display quality of LCDs 

25 based on two-terminal diodes is that, with present known driving techniques, display 

uniformity of LCDs based on two-terminal diodes usually depend on the uniformity of the 
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uniformity of LCDs based on two-terminal diodes usually depend on the uniformity of the 
characteristics of those two-terminal diodes. Because the characteristics of the two- 
terminal diodes in a LCD are inevitably non-uniform, correspondingly, the display 
uniformity of LCDs based on two-terminal diodes are usually not good. Different driving 

5 methods have been invented, but they have only achieved very limited success. For 

example, the driving methods described in US patent 5,159,325 have only partially solved 
the problem, and these driving methods have also caused other technical problems, such 
as the bum-in of images, which are addressed in US patent 5,648,794. 

In this document, the applicant present a new method, which uses diodes to 

10 perform the switching function for isolating different pixels. With this method, both 
terminals of the capacitor for each pixel are used in synchronize for charging the 
capacitor to a desired voltage level. Terminal one of the capacitor is connected to two 
diodes. This terminal of the capacitor will effectively connect to the ground with low 
impedance if the two diodes are switched on with a driving current passing though both 

15 of them, and effectively connect to the ground with high impedance if no driving current 
is passing though them. When this terminal of the capacitor is effectively connected to 
the ground with low impedance, the second terminal of the capacitor will be set to a 
voltage level by driver electronics, and this voltage is used to charge the capacitor. With 
this method, the uniformity problem of the LCD matrix can be easily solved by 

20 measuring the reference voltage level of the terminal one of the capacitor once it is 
effectively connected to the ground with low impedance, and the voltage level on 
terminal two is set to equal to the sum of two voltages: the reference voltage of the 
terminal one and the desired charging voltage across the capacitor. This new method 
provides almost perfectly uniform display properties for active matrix LCDs based on 

25 two-terminal diodes regardless the inevitable variations of those diodes. In real 

operation, the measured reference voltages level of the terminal one of all capacitors can 
be stored in a calibration memory. When the main processor want to store a pixel's 
desired light intensity word to a video memory, it will first fetch the reference voltage of 
the terminal one of that pixel from the calibration memory, then, calculate what voltage 
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level on terminal two will provide the desired voltage level across the capacitor of that 
pixel, and finally write the compensated voltage level into the video memory. 

In this document, the applicant also demonstrate that present disclosed method of 
improving display uniformity by storing each pixel's display characteristics can also be 

5 applied to other driving methods for LCDs. In general, present disclosed method of 

improving display uniformity can be performed in three steps. In the first step, the display 
characteristics of all pixel element are measured, and the measured characteristics of all 
pixel element are stored in a calibration memory. In the second step, instead of having the 
main processor store a pixel's desired light intensity word directly to a video memory, the 

10 main processor will send the desired light intensity word to a register of a 

microprocessor; the microprocessor will then fetch the display characteristics of the pixel 
element from the calibration memory to a register or registers; the microprocessor will 
calculate the compensated light intensity in real time based on the desired light intensity 
and the display characteristics of the pixel element; the microprocessor finally store the 

1 5 compensated light intensity in a video memory. And in the third step, the compensated 
light intensities in the video memory are used by the driver electronics to drive the display 
that can achieve error-free images. Either a stand along special microprocessor or the 
main microprocessor can be used for the calculation. 
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SUMMARY OF THE INVENTION 

5 It is an object of the invention to provide a method that can provide almost 

perfectly uniform display properties for active matrix LCDs based on two-terminal diodes 
regardless the inevitable variations of these diodes. 

It is an object of the invention to use two serially connected two-terminal non- 
linear element as the switching element for each pixel, and such switching element is 

10 used to change the effective impedance connecting the capacitor of each pixel to a 
common ground. 

It is an object of the invention to measure the display characteristics of each 
individual pixel element, store these measured display characteristics into a calibration 
memory, use the stored display characteristics in the calibration memory to calculate the 
15 correct driving parameters for each pixel element, store those corrected driving 
parameters in a video memory, and use the correct driving parameters in the video 
memory to drive the active matrix LCD. 

It is an object of the invention to measure the display characteristics of each 
individual pixel element, store those measured display characteristics into a calibration 
20 memory, use the stored display characteristics in the calibration memory in combination 
with the uncompensated driving parameters in a video memory to calculate the correct 
driving parameters for each pixel, and use the correct driving parameters to drive the 
active matrix LCD. 

It is an object of the invention to provide a method that can provide almost 
25 perfectly uniform display properties for active matrix LCDs based on two-terminal diodes 
of modest quality, regardless the inevitable variations of these diodes, even if these diodes 
have non-negligible leakage current while in the off-state . 

Additional advantages and novel features of the invention will be set forth in the 
description which follows, and in part will become apparent to those skilled in the art 
30 upon examination of the following, or may be learned by practice of the invention. The 
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objects and advantages of the invention maybe realized and attained by means of the 
instrumentality and combinations particularly pointed out in the appended claims. 

To achieve the foregoing and other objects and in accordance with the present 
invention, as described and broadly claimed herein, for each pixel, two non-linear 
5 elements are provided to connected to terminal one of the capacitor for that pixel; a 
driving method is provided to switch the impedance of that terminal to the ground 
between a high value and a low value; a method is provided to measure the reference 
voltage of terminal one when it is connected to the ground with low impedance; a 
calibration memory is provided to store the measured reference voltages of all pixels; a 
i o microprocessor is provided to use the stored reference voltages in the calibration memory 
to calculate the correct driving voltage for each pixel; a method is provided to charge the 
capacitor to the target voltage by setting the terminal two of the capacitor to the correct 
driving voltage which is already compensated for the variations among those non-linear 
element. For non-linear element based on diodes of modest quality, a third non-linear 
15 element is provided to isolate the terminal two of the capacitor when the voltage on the 
capacitor need to be maintained. 

For any kinds of diode-based AM-LCDs in general , to achieve the foregoing and 
other objects and in accordance with the present invention, as described and broadly 
claimed herein, a method is provided to measure the display characteristics of every pixel 
20 element in the display, a calibration memory is provided to store the measured display 
characteristic of every pixel element in the display, a microprocessor is provided to use 
the stored display characteristics of each pixel element in the calibration memory to 
calculate the correct driving parameters for the corresponding pixel element, and finally 
driver electronics are provided to use the correct driving parameters to drive the active 
25 matrix display. A'diode-based active matrix LCD driven by driver electronics using the 
correct driving parameters will provide images free of intensity distortions caused by each 
diode's property variations. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



The accompany drawings, which are incorporated in and form a part of the 
5 invention and, together with the description, serve to explain the principles of the 

invention. In the drawings, closely related figures have the same number but different 
alphabetic suffixes. 

Figure la shows one of the most common embodiment of active matrix LCDs 
based on two-terminal non-linear element. 
10 Figure lb shows the voltage-current characteristic of the two-terminal non-linear 

element at i 5 th row and j 'th column. 

Figure 2 shows a new method to construct an AM-LCD with two-terminal non- 
linear elements, and it also shows how to drive such an AM-LCD. 

Figure 3 a shows the equivalent circuit of a pixel element in Fig. 2 when that pixel 
15 element is in charging-on mode. 

Figure 3b shows the equivalent circuit of a pixel element in Fig. 2 when that pixel 
element is in charging-off mode. 

Figure 4 illustrate the principle of creating displays with good uniformity by 
storing reference voltage V ref (i, j) in a calibration memory and using the calibration 
20 memory to calculate the correct driving voltage. 

Figure 5 a shows the driver settings at the preparation stage for measuring the 
reference voltage V rcf (i, j) of each pixel in j'th column. 

Figure 5b shows the driver settings at the measurement stage for measuring the 
reference voltage V ref (i, j) of each pixel in j'th column. 
25 Figure 6a shows an embodiment based on thin film pn diodes. 

Figure 6b shows an embodiment based on thin film metal-insulator-mental (M-I- 
M) diodes. 

Figure 6c shows an embodiment based on avalanche break down of pn diodes. 
Figure 7a and 7b show that a microprocessor is used to calculate the correct 
30 driving voltages based on the display characteristics stored in a calibration memory. 
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Figure 8a shows a method to measure the threshold voltages of each switching 

diode in the matrix. 

Figure 8b shows the wave form of current i(t) and function f(t). 

Figure 8c shows the definition of V;(i,j), V(i,j), V(i,;i J) and several other 

5 related parameters. 

Figure 9 shows the modified driver electronics that use V(i, ;i, j) to determine the 

correct voltage applied to the LCD cell at i'th row and j'th column. 

Figure 10a shows the modified driver electronics that use a current source i 0 to 
charge each LCD cell and use V(i 0 ;i, j) to determine the correct voltage applied to the 
10 LCD cell at i'th row and j'th column. 

Figure 10b shows the definition of V(i 0 ;i, j) . 

Figure 11a shows an arrangement that use one diode to charge a LCD cell to a 
positive voltage and use another diode to charge a LCD to a negative voltage. 

Figure 1 lb shows the current- voltage characteristic of diode 5(ij) and 5*0 j) 3X1(1 
15, the definition of several parameters. 

Figure 12 shows that the display characteristics of each pixel is measured in a 
dark chamber. 

Figure 13 shows an embodiment of AM-LCD based on two-terminal non-linear 
elements of modest quality. 
20 Figure 14a shows the equivalent circuit of a pixel element in Fig. 13 when that 

pixel element is in charging-on mode. 

Figure 14b shows the equivalent circuit of a pixel element in Fig. 13 when that 
pixel element is in charging-off mode. 

Figure 15a shows that the display characteristics of a pixel is measured by 
25 measuring the light intensity of that pixel under several selected data-voltages. 

Figure 15b shows one can use linear approximation and measured data points to 
calculate the correct data-voltage V data (i) j that will provide the desired light intensity 

LtarsetOJ)- 
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Figure 16a shows that a microprocessor use the look-up table in the calibration 
memory to find out the correct data- voltage, and store the correct data- voltage into the 
video memory. 

Figure 16b shows that the driver electronics fetch uncompensated light intensity 
5 from the video memory and use the look-up table in the calibration memory to find out 
the correct data-voltage. 

Figure 17a shows that a microprocessor use the partial look-up table in the 
calibration memory in combination with additional calculation to find out the correct 
data- voltage, and store the correct data-voltage into the video memory. 
10 Figure 17b.shows that the driver electronics fetch uncompensated light intensity 

from the video memory and use the partial look-up table in the calibration memory in 
combination with additional calculation to find out the correct data- voltage. 

Figure 1 8a shows that a microprocessor use the partial look-up table in the 
calibration memory in combination with linear approximation to calculate the correct 
15 data-voltage, and store the correct data- voltage into the video memory. 

Figure 18b shows that the driver electronics fetch uncompensated light intensity 
from the video memory and use the partial look-up table in the calibration memory in 
combination with linear approximation to calculate the correct data-voltage. 

Figure 18c shows a specific implementation of a display processor which uses 
20 linear approximation to calculate the correct data-voltage. 

Figure 1 9 shows another embodiment of AM-LCD based on two-terminal non- 
linear elements of modest quality . 
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DESCRIPTION OF THE INVENTION 

Figure la shows one of the priori art embodiment of active matrix LCDs based 
on two-terminal non-linear element. In Fig. la, the LCD consists of an array of column 

5 driving lines HQ) and an array of row driving lines 1 3(i), and these two arrays of driving 
lines form a matrix structure. The cross position between each column driving line and 
each row driving line defines a pixel by connecting a non-linear diode 5(i j) and a LCD 
cell 8(i j) in series at that cross position. Each column driving line 110) is connected to a 
voliage driver 12Q), and each row driving line 13(i) is connected to a voltage driver 14(i). 

10 If the driver voltage for the i'th row is V j and the driver voltage for the j'th column is Vj, 
then, the voltage applied to the serially connected non-linear diode 5(i j) and LCD cell 
8(i j) is Vj - Vj. The real voltage applied to the LCD cell 8(i j) at the i'th row and the 
j'th column V(i, j) depends on the voltage-current characteristic of the non-linear diode at 
that position. Figure lb shows the voltage-current characteristic of the non-linear diode 

15 at i'th row and j'th column, and the threshold voltage for forward bias and reverse bias is 
respectively V*(i,j)and V^OJ). In the case that the LCD cell 8(ij) is charged until the 
charging current is zero, the real voltage applied to the LCD cell 8(i j) at the i'th row and 
the j'th column V(i, j) will depend on the threshold voltages of the diode, and for forward 
bias, V(i, j) = ^ - V; - V£ (i, j) , and for reverse bias - V(i, j) = V ; - ^ - V; (i, j) . In all 

20 prior art driving methods, if a targeted voltage V, ^ (i, j) is to be applied to the LCD cell 
8(ij) at the i'th row and the j'th column, then, the driving voltages V; and Vj are 
designed such that Vj - V, = V targel (i, j) + V^ , where V* is the nominal forward threshold 
voltage for all the non-linear diodes. With these prior art driving methods, the real 
voltage V(i, j) is different from the targeted voltage V, ^ (i, j) , such that, V(i, j) - 

25 v tan5« (i> J) = "t v * (i> J) " 1- This means ^ unless tne current-voltage characteristic 
variations of all non-linear diodes are negligible, the display uniformity of the LCDs will 
certainly be determined by the uniformity of the current- voltage characteristics of all the 
non-linear diodes. It is very difficult and expansive to make all the current-voltage 
characteristics to be very uniform, and such an approach is not really practical for large 



BNSDOCID: <WO 0028S16A1 I > 



WO 00/28516 



PCT/US98/23837 



area displays. The purpose of the current invention is to find a method which will 
provide nearly perfect display uniformity for active matrix LCDs even the LCDs are 
based on practically non-uniform switching diodes. 

In this patent disclosure, methods of constructing active matrix LCDs (AM-LCDs) 
with non-linear diodes, methods of driving these diodes based AM-LCDs and methods of 
improving the display uniformity of these AM-LCDs are described. Among these 
disclosed methods, the actual embodiment might be somewhat different, the type of 
diodes used for the construction might be somewhat different, and the driving schemes 
might also be somewhat different. But, all these methods are based on one basic 
principle, which is the main subject of the current disclosure, and all these described 
methods are used as concrete examples to teach more effectively that basic principle. 

The basic principle described in this disclosure actually consists of three parts. s 
The first part is how to construct an AM-LCD with non-linear diodes, the second part is 
how to drive such a AM- LCD, and the third part is how to improve the display 
uniformity of this AM- LCD. The central idea of the current invention is to measure and 
store in a calibration memory the display characteristics of all pixel elements, and to use 
the display characteristics stored in the calibration memory to calculate the correct driving 
parameters for each pixel element. LCDs driven by these correct driving parameters will 
have almost perfect display uniformity. 

Figure 2 shows a new method on how to construct an AM-LCD with non-linear 
diodes. As shown in Fig. 2, the LCD consists of an array of row driving lines 13(i) and 
two array of column driving lines 11 Q) and 1 T(j)> and row driving lines and column 
driving lines form a matrix structure. The driving line for the i'th row is 13(i), and driving 
lines for the j 'th column are 1 1 G) and 11*0)- The cross position between the driving line 
for the i'th row and driving lines for the j'th column defines a pixel element (i j). 
Associated with each pixel element (i j), there is a storage capacitor 8(i j) with terminal 
one 7(i j) and terminal two 9(ij). One terminal of diode 5(i j) is connected to terminal 
one 7(i j) of capacitor 8(i,j), and the other terminal of diode 5(ij) is connected to. the first 
driving line 1 l(j). One terminal of diode 5'(i j) is also connected to terminal one 7(ij) of 
capacitor 8(i j), and the other terminal of diode 5(i j) is connected the second driving line 
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1 1 The terminal two 9(ij) of capacitor 8(i j) is connected to the driving line 13(i) for 
the i'th row. Each column driving line 1 l(j) is connected to a voltage driver 12(j), each 
column driving line 1 1 *G) is connected to a voltage driver 12'(j), and each row driving 
line 13(i) is connected to a voltage driver 14(i). The purpose of diode 5(ij) and 5'(ij) is 
to effectively connect the terminal one 7(i j) to the ground with low impedance when that 
terminal is selected with driving line 1 l(j) and 1 1 'OX and isolate that terminal to the 
ground with high impedance when that terminal is not selected. 

Any pixel element can be either in charging-on mode or charging-off mode. For 
all the pixel elements in a column, the two driving lines for that column controls which of 
the two modes will be for those pixel elements in that column. When a pixel element is 
in charging-on mode, the capacitor of that pixel element can be charged by the voltage on 
the row's driving line connected to that pixel element. When a pixel element is in 
charging-off mode, the voltage on the capacitor of that pixel element is maintained, and 
that voltage is hardly influenced by the voltage on the row's driving line connected to that 
pixel element. 

Figure 3a shows the equivalent circuit of a pixel element (i j) when that pixel 
element is in charging-on mode. In Fig 3 a, when on-voltages V on and V' on are applied to 
the terminals of diode 5(ij) and diode 5'(ij) respectively to drive both diodes 5(ij) and 
5'(i j) into the conducting state, the terminal one 7(i j) of the capacitor 8(i j) is 
equivalently connecting to a reference voltage V rcf (i, j) though a low impedance 
R on (i> J) J 311(1 at same time if a volta 8 e V data (i) j is set on the terminal two 9(i j) of 
capacitor 8(ij), that capacitor 8(ij) will be charged to a voltage 
v (i> j) = v data (i) j " v rcf (i> J) exponentially with a time constant R on (i, j) C. 

Figure 3b shows the equivalent circuit of a pixel element (i j) when that pixel 
element is in charging-oflf mode. In Fig 3b, when off-voltages V off and V' ofr are applied 
to the terminals of diode 5(ij) and diode 5'(i j) respectively to drive both diodes 5(ij) and 
5'(i j) into the non-conducting state, the terminal one 7(i j) of the capacitor 8(i j) is 
equivalently connecting to a reference voltage V' ref (i, j) though a very high impedance 
R 0 ff (i> j) * and no mater what voltage V data (i) } is set on the terminal two 9(i j) of capacitor 
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8(ij), the voltage across that capacitor 8(i j) will hardly change at all. And in fact, the 
voltage across that capacitor 8(i j) can only change very little by a very small leakage 
current I Icak (i, j) = [ (i) } - (i, j)] / R ofr (i J) , and for good quality diodes with very 

large R ofr (i, j) , such small voltage changes across capacitor 8(i j) can be practically 



Figure 2 also shows how to drive the above described AM-LCD. As shown in 
Fig. 2, at any instance, the driving lines of only one column (for example, column j) are 
set to on- voltages V on and V'^ , with V on for the first driving line and for the 



10 V' off , with V ofr for the first driving lines and V' off for the second. Because only one 
column has the corresponding driving lines in on- voltages V on and V' on , only pixel 
elements in that selected column is in charging-on mode and pixel elements in all the 
other columns is in charging-off mode. When a pixel element (i j) in the selected column 



15 capacitor 8(ij) to a voltage V(i, j) = V^Qj -V^OJ), where V ref (iJ) is the reference 

voltage at the terminal one 7(i j) of capacitor 8(i j) when terminal one 7(ij) is connected 
to the ground though low impedance. After all the capacitors in column j is charged to 
the desired voltage value, column j will be set to charging-off mode and column j+1 will 
be set to charging-on mode to charge all the capacitors in column j +1. After column j 

20 +1, column j +2 is in charging-on mode, then column j +3, , . .and so on. All the columns 
are in charging-on mode progressively one by one until all the capacitors in the display 
matrix is charged to the desired values. 

A voltage on driving line V^i). and a voltage V'(i, j) on capacitor 8(iJ) will 
set the voltage level on terminal one 7(i j) to be V data (i) j - V'(i, j) . The voltages V on , 

25 v 'on > V ofr and v, off are chosen to satisfy two conditions. Condition one is that no matter 
what voltage V'(i, j) preexists at capacitor 8(ij), if pixel element (ij) is selected for 
charging-on mode and a data-voltage (i) ^ is set on terminal two 9(i j), the voltage 
V(i, j) on capacitor 8(ij) can always be able to quickly reach its new equilibrium value 



5 



neglected. 



second, and the driving lines for all remaining columns are set to off-voltages V ofr and 



j is in charging-on mode, the voltage (i) . on driving line for the i'th row will charge 
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j) _ V^COj - (i, j) . And condition two is that no matter what voltage V'(i, j) 
preexists at capacitor 8(i j) and no matter what data-voltage V dala (i) j is set on terminal 
two 9(ij), if pixel element (i j) is not selected, diodes 5(ij) and 5'(ij) can remain in the 
non-conducting state despite the fact that a voltage V data (i) j - V(i, j) on terminal one 

5 7(i j) is present. 

The value of voltage V data (i) j on the driving line for the i'th row when the j'th 

column is in charging-on mode, can be taken from a video memory. In the video 
memory, V^i); is set to be equal to V data (i) j = V tarBeI (i, j) + V ref (i, j) . where 
V a (i, j) is the desired voltage to be charged across capacitor 8(i j): 

10 i n the ideal case that the electronic characteristics of the two diodes in each pixel 

are identical, if the same current is passing though the two diodes, then, the voltage drop 
across the two diodes are also the same. And in this ideal case, the reference voltage 
V„r (i, j) will equal to the middle voltage ( V on + ) 12, which is the same for all pixel 
elements. In this case, for pixel element (i j), if a voltage V target (i, j) is needed to set 

1 5 across capacitor 8(ij) to give a specific light intensity, the microprocessor can simply 
write V^COj = V target (i,j) + (V on + V on )/2 into the video memory. The diver 
electronics will use V data (i) j to drive the display matrix. Or alternatively, the 
microprocessor can simply put V largel (i, j) into the video memory, and the driver 
electronics will sum up V tBrgel (i, j) with ( V on + V' on ) 12 directly and use 

20 V^COj = V large ,(i,j) + (V on + V on )/2 to drive the display matrix. 

In the non-ideal case that the electronic characteristics of the two diodes in each 
pixel element are not identical, the reference voltage V ref (i, j) will be differ from 
( v + V' W 2 by an amount which depend on the difference between the two diodes. 

V on on ' J 

And in this case, the reference voltage V ref (i, j) is different for different pixel elements. 
25 In this non-ideal case, if the driver electronics use 

VdaoO); = V.^aJHO^ + V on )/2 to drive the display matrix, the voltage V(i,j) 

charged to capacitor 8(i j) will differ from the desired target voltage V larget (i, j) by an 
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amount V(i,j)- V Iargcl (i,j) = -[V rcf (i,j) - (V. + V' on )/2]. This difference from the 
target voltage will cause display non-uniformity for current disclosed AM-LCDs. And, of 
course, this display non-uniformity will be there, no matter whether (i) 3 is taken 
from the video memory directly or created by the driver electronics by fetching 
5 V tBgel (i, j) from the video memory, as long as formula 

VdataWj = V tansct (i, j) + (V on + V' OT ) /2 is used for pixel element (ij) and (ij)is 

different from (V^ + )/ 2 . 

To create displays with good display uniformity for a real display which usually is 
built from diodes with inevitable variations of electronic characteristics, the correct 

10 reference voltage V ref (i, j) need to be measured, and the correct voltage 

V data (0 j ~ v tar g et 0» J) + V rcf (*> J) need to be used to char g e ^ corresponding pixel (i j). 
Figure 4 illustrate the principle of creating displays with good uniformity by storing . 
reference voltage V rcf (i, j) in a calibration memory 70 and using the calibration memory 
70 in combination with a video memory 80 to provide the correct driving voltage. 

15 To improve the display uniformity of the above described AM-LCD, the reference 

voltage V ref (i, j) of the terminal one 7(i j) of capacitor 8(ij) of any selected pixel element 
(i j) need to be measured at least once, and the measured reference voltages V ref (i, j) need 
to be stored in calibration memory 70, as shown in Fig. 4. In the operation of a 
conventional AM-LCD, say, TFT AM-LCD, a microprocessor usually write the light 

20 intensity word directly to a video memory, and the driver electronics for a AM-LCD will 
use that light intensity word to set the voltage on the data line. In the operation of current 
disclosed diode based AM-LCD, unless all the diodes have very uniform characteristics, 
the voltage on the data line (i) j should have certain corrections for each pixel 
element The voltage on the data line (i) . should be equal to the sum of two 

25 voltages: the desired voltage V targel (i, j) to be set on capacitor 8(i j) of pixel element (i j) 
and the reference voltage V ref (i, j)at the terminal one 7(ij) of that capacitor 8(ij) when 
that terminal is connected to the ground with low impedance. In the operation of current 
disclosed diode based AM-LCD, if a desired voltage V largcl (i, j) -which can be 
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considered to be the light intensity word-- is needed to set across capacitor 8(i j) to give a 
specific light intensity, microprocessor 50 will not write the light intensity word directly 
into video memory 80, but instead, microprocessor 50 will first fetch the reference 
voltage V ref (i, j) of the corresponding pixel element (ij) from calibration memory 70 and 
5 sum up that reference voltage V ref (i, j) with the desired voltage V larget (i, j) to be charged 
to capacitor 8(i j) of the corresponding pixel element (i j); then, microprocessor 50 will 
write that voltage sum V daIa (i) j = V tafBel (i,j) + V ref (i,j) into video memory 80. The 

driver electronics will use the voltages (i) i in video memory 80 to drive the display 
matrix. Or alternatively, the microprocessor can simply put V large , (i, j) into video 

10 memory 80, the driver electronics will fetch V ref (i, j) from calibration memory 70 itself, 
sum up V taiBet (i,j) with V ref (i,j) itself, and again use V^COj = V (argcl (i, j) + V ref (i, j)to 
drive the display matrix. Of the above two alternatives, the first method of writing 
VdataCOj = V larget (i, j) + V,^ (i, j) into video memory 80 is the preferred method. 

We next turn to the disclosure on how to measure V ref (i, j) of all pixel elements. 

15 As shown in Figure 5a, to measure V ref (i, j) of a pixel element atthe i'th row and the j'th 
column, first, the voltages on driving lines 110) and 1 1 '0) for the column j are set to be 
equal to the ground and the voltages on the driving lines for all other columns are set to 
V off or V' off correspondingly to make sure all these other columns are in charging-off 
mode, the voltage on the i'th row is set to the ground as Well. With all these voltages 

20 set, the voltage on capacitor 8(ij) will start to discharge towards zero, and after a time 
period long enough, the voltage on capacitor 8(ij) will reach exponentially to zero. After 
the voltage on capacitor 8(ij) reach to (near) zero, the driving line for the i'th row is set 
to a high impedance or set to be open to the ground, and the voltage on this driving line 
is monitored with a voltage detector or amplifier 1 5(i), as shown in Figure 5b. When all 

25 these is set, the voltage on the driving line 1 10) and 1 1*0) for the j'th column are quickly 
switched to V on and V' on respectively, the same voltages used to set column j in 
charging-on mode; and at this instant, the voltage on the driving line 13 (i) of the i'th row 
is measured again with voltage detector 150), and this voltage at this instant is just equal 



15 



BNSOOCID: <WO 002851 6A1 I > 





PCT/US98/23837 



. WO 00/28516 



to V ref (ij) . In fact, if the voltage on the driving lines of all rows are set to ground when 
the j'th column is set to ground, and if the voltage on the driving lines of all rows are 
monitored when the j'th column is switching to charging-on mode, the reference voltages 
V ref (i, j) of all pixel elements in the j'th column can be measured simultaneously. After 

5 the reference voltages V ref (i, j) of all pixel elements in one column are measured, the 

reference voltages V ref (i, j) of all pixel elements'in next column can be measured. In this 
way, column by column, the reference voltages V ref (i, j) of all pixel elements in the 
display matrix can be measured, and all these reference voltages can be stored in. 
calibration memory 70 for later use. 

10 The above method —on how to construct an AM-LCD with non-linear diodes, 

how to drive such a AM- LCD, and how to improve the display uniformity of this AM- 
LCD~is described in general for any kinds of non-linear diodes, as long as the non-linear 
diode can be switched between a conducting state and a non-conducting state. The kinds 
of diodes can be used include, but not limited to, thin film pn junctions, thin film Metal- 

15 Insulator-Metal (MIM) junctions, and some combinations of multiple diodes in serial or 
in parallel. Depend on the kinds of diodes used for diode 5(i j) and diode 5'(i j) in Fig. 2, 
the values of on-voltages ( V on and V' on ) and off- voltages ( V ofr and V' ofr ) can be 



20 forward biased state as the conducting state — driven by a positive on-voltage V on > 0 
and another negative on-voltage V' on < 0, , and uses the reverse biased state as the non- 
conducting state — driven by a negative off-voltage V ofr < 0 and another positive off- 
voltage V' off > 0. In Fig. 6a, diode 5(i j) is actually constructed from a thin film pn diode 
5(ij)a and a resistor 5(i j)b, and similarly diode 5'(ij) from a pn diode 5'(i j)a and a 

25 resistor 5'(i j)b. Resistor 5(i j)b and resistor 5 5 (i j)b are used to limit the current passing 
though the diodes. In a sample implantation, V on can be chosen to be +10V, V' on to be 
- 10 V, V ofT to be -10V and V f off to be +10V. Assume the voltage to be charged on 
capacitor 8(i j) is between -2V to +2V, a data- voltage in the range between -2V to +2V 1st 
needed to set the capacitor voltage in that range, if V ref (i, j) is uniformly 0V. If we 



different. 



Figure 6a shows an embodiment, based on thin film pn diodes, which, uses the 
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assume that the spread of V ref (i, j) is between -IV to +1V, then, a data-voltage in the 
range between -3 V to 3V is needed to set voltages across the capacitors in that range 
between -2V to 2V. With data-voltages in the range between -3 V to 3 V and capacitor 
voltages in the range between -2V to 2V, the voltages on the terminal one 7(i j) can 
5 spread in the range between -5V to 5V. If a pixel (i j) is set to charging-off mode by 
voltages V ofr = -10V and V' ofr =+10V, a voltage-on terminal one 7(ij) in the range 
between -5V to 5 V can not drive either diode 5(i j) or diode 5'(i j) into the conducting 
state. Therefore the voltage values selected for V on , V^, V ofr and V' ofr in the above are 
adequate for both charging-on and charging-off modes. 
10 To increase the yield or reliability, multiple pn diodes (for example two diodes) 

can be connected in series or in parallel to substitute for diode 5(ij)a or 5'(ij)a. 

Figure 6b shows an embodiment, based on thin film Metal-Insulator-Mental (M- 
I-M) diodes, which, uses a positive on-voltage V OT and another negative on-voltage V' on 
to drive the two diodes into the conducting states ~ with the sum | V on | + | V* on | larger than 
15 the total threshold voltage of the two diodes 5(i j) and 5'(i j), and uses one off-voltage 
V ofr = 0 and another off-voltage V' off = 0 to keep the diodes in the non-conducting 
states. In a sample implantation, V,,,, can be chosen to be +10V, and V' on to be -10V. 
Assume the voltage to be charged on capacitor 8(ij) is between -2V to 2V, a data-voltage 
in the range between -2V to +2V is needed to set the capacitor voltage in that range, if 
20 V ref (i, j) is uniformly 0V. If we assume that the spread of V ref (i, j) is between - IV to 
+1 V, then, a data-voltage in the range between -3V to 3V is needed to set the voltages 
across the capacitors in that range between -2V to 2V. With data-voltages in the range 
between -3V to 3 V and capacitor voltages in the range between -2V to 2V, the voltages 
on the terminal one 7(ij) can spread in the range between -5V to 5 V. If a pixel (ij) is set 
25 to charging-off mode by voltages V off = 0 and V ofr =0, a voltage on terminal one in the 
range between -5V to 5V can not drive either diode 5(ij) or diode 5'(ij) into the 
conducting state if diode 5(ij) or diode 5'(ij) have threshold much larger than 5 V. This 
high level of threshold voltage can be achieved by using multiple m-I-m diodes connected 
in series. 



17 



BNSOOCID: <WO 0028S16A1 I > 



WO 00/28516 




PCT/US98/23837 



In Fig. 6c, it is shown that one pn diode connected in series with another reversed 
pn diode can be used to substitute for diodes 5(i j) or 5'(i J), provided that reverse break 
down voltages of the two diodes are properly designed, such that, when the reverse 
breakdown voltages are used as the threshold voltages, the total voltage applied to the two 
5 diodes V on - V' on can drive the two diodes into the conducting states. 

In the above, a new method of constructing active matrix LCDs are disclosed, a 
new method of driving such kinds of active matrix LCDs are disclosed. For the newly 
disclosed constructing method and newly disclosed driving method, a new method of 
improving the display uniformity of diode based AM-LCDs is also disclosed. In fact, the 

10 above described method of improving display uniformity of diode-based AM-LCDs can 
be applied in general to any kinds of diode-based AM-LCDs, since the problem of display 
uniformity is universal for every kind of diode-based AM-LCDs. Present disclosed 
method of improving display uniformity by calibrating individual pixels can solve this 
universal display uniformity problem once for all. 

15 To teach more effectively the principles of current invention, in the following, 

present method of improving display uniformity by calibrating individual pixels are 
applied to another kind of diode-based AM-LCDs, the kind of diode-based AM-LCDs as 
shown in Fig. la. The matrix structure in Fig. la is a priori art embodiment. Several 
specific implementation of the present method of improving display uniformity of AM- 

20 LCD in Fig. 1 a are described, and they are severed as examples for teaching the 

principles of the present method, which generally involves how to measure the display 
characteristics of each pixel element and how to use those measured display 
characteristics to provide the correct driving parameters. Based on these examples and 
teachings, people skilled in the art should be above to apply present method to any kinds 

25 of diode-based AM-LCDs. 

The simplest implementation of the present invention as applied to the 
embodiment in Fig. la comprises two steps. In this implementation, each LCD cell is 
applied with voltage only in one polarity, say, positive polarity. In the first step of this 
implementation, the positive threshold voltages V ( £ (i, j) of all switching diodes are 

30 measured and stored in a calibration memory 70, as shown in Fig. 7a. And in the second 
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step of this implementation, if a target voltage V target (i, j) is to be applied to the LCD cell 
at the i'th row and the j'th column, the correct driving voltage V^(i) j is calculated 
based on equation V,^ (i) - } = V laiget (i, j) + V£ (i, j) - V OT , and the correct driving voltage 
V + ( i) is stored in a video memory 80 for pixel element (i j). Here we assumed that the 
5 column driving voltage - is used for selecting the j 'th column of LCD cells to write 
into and is not used to code luminosity information. If the correct driving voltage 
V + ( i) is fetched from video memory 80 to drive the LCD cell for pixel element (i j), 

data V / j 

the luminosity of pixel element (i j) will be independent of the characteristics of the non- 
linear diode at that position, and therefore LCDs with almost perfect display uniformity 
10 can be obtained. In real implementations, the voltage on each LCD cell need to be preset 
to a certain voltage (e.g. a zero or a negative bias voltage) before the real positive driving 
voltage is applied. 

For a real AM-LCD, the above implementation is preferred to be modified such 
that voltages with positive polarity and negative polarity are alternatively applied to each 
15 LCD cell. In the first step of this modified embodiment, both the positive and negative 
threshold voltages ( V* (i, j) and V" (i, j) respectively) of all non-linear diodes are 
measured and stored in calibration memory 70. And in the second step of this modified 
implementation, if a target voltage V target (i, j) is to be applied to the LCD cell at the i'th 

row and the j'th column, the correct positive driving voltage V^ ta (i) j and negative driving 
20 voltage V^ a (i) j are calculated based on equation V* „ (i) . = V larget (i, j) + V,J (i, j) - V on 
and V^COj =V taiget (i,j)-V-(i,j) + V on , and the correct driving voltages V^OJj and 
V data (i) j are stored in video memory 80 for pixel element (i j). Here we assumed that the 
column driving voltages - V on and + are used for selecting the j 'th column of LCD 
cells to write into and is not used to code luminosity information. When driving 
25 voltages (i) } and V d " ata (i) i are fetched from video memory 80 to drive the LCD, nearly 
perfect display uniformity can be obtained. 
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Figure 7a and 7b show that a microprocessor 50 can be used to calculate the 
correct driving voltages. In figure 7a, the positive threshold voltages V* (i, j) of all 
switching diodes are measured and stored in a calibration memory 70. When a computer 
want to apply a target voltage V taigcl (i, j) to the LCD cell at pixel (ij), microprocessor 50 

5 will fetch the positive threshold voltages V* (i, j) from calibration memory 70, calculate 
the correct driving voltage (i) - and store the correct driving voltage in video memory. 
80. The LCD driver electronics will use the correct driving voltages in video memory 80 
to drive the LCD. In figure 7b, both the positive and negative threshold voltages 
( V* (i J) and (i, j) respectively) of all non-linear diodes are measured and stored in 

10 calibration memory 70. When a computer want to apply target voltage V largct (i, j) to the 
LCD cell at pixel (i j), microprocessor 50 will fetch the positive threshold voltage 
v th (U) from calibration memory 70, calculate the correct positive driving voltage 
V^ a (i) j and store the correct positive driving voltage in video memory 80; then, 
microprocessor 50 will fetch the negative threshold voltage V~ (i, j) from calibration 

15 memory 70, calculate the correct negative driving voltage V d " ata (i) j and store the correct 
negative driving voltage in video memory 80. The LCD driver electronics will use the 
correct positive and negative driving voltages in video memory 80 to drive the LCD. 
Microprocessor 50 can be the main microprocessor for the computer or a special 
dedicated microprocessor. 

20 An alternative method to that described in Fig. 7a is to store the target voltage 

V targct (i, j) in video memory 80, use the driver electronics itself to calculate the correct 

driving voltage V^i^ = V targct (i, j) + VJ(i,j)- V on , and use this correct driving 
voltage V^ ta (i) • to drive the LCD. Similarly, An alternative method to that described in 
Fig. 7b is to store the target voltage V largct (iJ) in video memory 80, use the driver 
25 electronics itself to calculate the correct driving voltage 

Vi.(i)i = V^a.jO + ViCyy-V,. and V data (i) j = V targel (i,j)-V-(i,j) + V 0 ' n , and use 
this correct driving voltages V^i^ and V^COj to drive the LCD. 
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We now turn to the discussion on how to measure the positive threshold voltage 
of a non-linear diode. The measurement of the negative threshold voltage follows the 
same principle. As shown in Fig. 8a, to measure the positive threshold voltage of the 
non-linear diode at pixel (ij), a square wave current source i(t) is applied to the driving 
line for the i'th row, the driving line for the j'th column is applied with a negative voltage 
- V OT which is negative enough to make the non-linear diodes at the i'th row and j'th 
column conducting, and all the rest column driving lines are applied to voltage V ofr . A 
voltage preamplifier 21 (i) is used to measure the voltage V out (t;i, j) on the driving line 
for the i'th row. Assume that the square wave have a fundamental frequency co , , and i(t) 
= i p f(t), where f(t) = 1 if n27i/co, < t < (n +1/2) 2n/co, and f(t) = 0 if (n+1/2) 2n/co, < 
t < (n+1) 27t7co , ( n is an integer). The wave form of i(t) and f(t) are indicated in Fig. 8b. 
If a Fourier transform is performed on the voltage (t; i, j) on the driving line for the 
i'th row, then, the real part and imaginary part of frequency component at co , is 

respectively given by: 
15 Re[V^(co 1 ;i,j)] = Re[f(co 1 )]V(i l ;i,j) + Im[f(co I )]i p /co 1 C(i,j) 

Imft (co , ;i, j)] = Im[f (co , )]V(i, ;i, j) - Re[f (co ,)]i p / co ,C(i, j) , 
where (co , ; i, j) is the Fourier transform of V OUI (t; i, j) , f (co , ) is the. Fourier transform 
of f(t), and C(i, j) is the capacitance of the LCD cell of the diode at the i'th row and j'th 
column. The definition of V,;(i, j) and V(i,;i, j) are shown in Fig. 8c, and V(i,;i, j) is a 
20 good approximation of V£ (i, j) if i, is small enough. By performing above measurement 
again with a different frequency co 2 , V(i , ; i, j) can be obtained: 

. . co , Re[ V^,, (coj ; i, j)3 - co 2 Re[ (co 2 ; i, j)] 
V(1,;1 ' J) " co,Re[f(coJ]-co 2 Re[f(co 2 )] 

If V(i, ;i, j) is used to represent V* (i, j) approximately, the smaller the i , the 
better. Another way to improve the accuracy in determining V* (i, j) is to measure 
25 V(i 2 ; i, j) at a different driver current i 2 , and use linear approximation to determine 

V(iJ), 
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..... . x i a V(ii;i,j)-i|V(ii;».j) 

V (i,j) = — { 

As shown in Fig. 8c, V* (i, j) is a good approximation of V* (i, j) . One can improve 
further the accuracy in determining V* (i, j) by using parabolic approximation in which 
V(i,;i,j), V(i 2 ;iJ) and V(i 3 ;i,j) are measured. One can even use higher order 

5 polynomial approximation by measuring more than three points on the current- voltage 
characteristic curve. One can also use multiple points on the current-voltage 
characteristic curve in combination with a device model for the non-linear diode to 
determine the threshold voltage. 

By modifying the driver electronics, it is possible to use V(i, ;i, j) to characterize 

10 and calibrate the non-linear diode at pixel (i j). Figure 9 shows the modified driver 
electronics. In Fig. 9, the voltage on the driving line for the j'th column is set to a 
negative voltage - V on to select the LCD cells in the j 5 th column, and the row driving 
electronics are used to set the voltages on each LCD cells in the j'th column. As shown 
in the figure, the driving current in each row, say, the i'th row, is measured with a current 

15 detector 3 l(i), and the measured driving current i(i j) is compared with a threshold current 
i t by using a comparator 34(i). The output of the comparator 34(i) is used to control a 
switch 33(i); and when the driving current is equal to or smaller than the threshold current 
ij , the driving voltage source 14(i) will be disconnected. Using this driving electronics, 

the voltage applied to the LCD cell at pixel (i j) is given by V(i, j) = (i) j + V on - 
20 V(i , ; i, j) . Thus, one can store measured voltage V(i , ; i, j) in calibration memory 70, and 
using V(i j ; i, j) to calculate the correct driving voltage V^ ta (i) } . Here the correct driving 
voltage V^ ta (i) j can be stored in video memory 80. If the LCD is driving alternatively 
with positive and negative voltage, then, two voltages V(i, ;i, j) and V(-i', ;i, j) (defined 
in Fig. 8c) will need to be stored in calibration memory 70 for pixel (i j), and two driving 
25 voltages V^ a (i) } and V^ to (i) j need to be calculated and stored in video memory 80 for 

pixel (ij), where V^Oj = V targct (i,j)+ V(i,;iJ)- V on and V^i)^ V targct (i, j)- 
V(-i;;i,j) + V 0 ' n . 
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By modifying the driver electronics, it is also possible to use V(i 0 ;i, j) in a 
different manner. The modified driver electronics is shown in Fig. 10a. In Fig. 10a, each 
row driving line, say, the i'th row is driven by a constant current source 41(i) with a 
current output i 0 . As shown in Fig. 10b, i 0 is relatively large and V(i 0 ;i, j) can be 

5 significantly larger than the threshold voltage (i, j) The voltage V(i 0 ; i, j) can be 
measured the same way as previously described and a larger i„ only makes it easier for 
the previously described method to be performed. In Fig. 10a, the voltage on the row 
driving line, say, the i'th row, is measured by a voltage comparator 43 (i), and the 
measured voltage (which is equal to V(i, j) + V(i 0 ; i, j) - V OT ) is compared with a 

10 reference voltage (i) i ; the output of the voltage comparator 43(i) is used to control a 
switch 42(i), and the current source will be turned off if the voltage on the row driving 
line is equal to or larger than the reference voltage. In real operation, V(i 0 ;i, j) is 
measured and stored in calibration memory 70 for each pixel (i j). For a target voltage 
V targel (i, j) to be applied to LCD cell at pixel (ij), the driving voltage V ( i tt (i) j = 

15 VtargetOJ)" 1 " VOo^J)- V on is men calculated based on the voltage V(i 0 ;i,j) fetched 
from calibration memory 70, and the data-voltage V^ a (i) : is then stored in video 
memory 80. When the target voltage V(i, j) is to be written to the LCD cell at pixel (i j), 
data- voltage V d * ata (i) j is fetched from video memory 80 and applied to voltage comparator 
43(i), and after switch 42(i) is turned off the voltage on the LCD cell at pixel (ij) will be 

20 equal to the desired voltage V, ^ (i, j) , which is independent of the current-voltage 

characteristics of the switching diode at pixel (ij). Once again, for practical operations, it 
is preferred to apply the positive voltage V, argel (i, j) and negative voltage - 
v «ar g « (i> J) alternatively to the LCD cell at pixel (i j). In this case, again, two voltages 
V(i 0 ;i, j) and V(-ioii, j) (defined in Fig. 10b) will need to be measured and stored in 

25 calibration memory 70 for pixel (ij), and two driving voltages V ( ^ Ul (i) j and V d ; ta (i) j need 
to be calculated and stored in video 80 for pixel (i j), where V^ a (i) j = V, „,„ (i, j) + 
V(i 0 ;i,j)- V on and V^i),- V larget (i,j)- V(-i;;i,j) + V^. 
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This last described method of storing in the calibration memory the two 
voltages V(i 0 ;i,j) and V(-i 0 ;i,j) and using these two voltages to calculate the correct 
data-voltage voltage is the most preferred method for the type of LCD embodiment in 
Fig. la. 

5 All the above described methods can be applied to other kinds of arrangement 

using two-terminal devices, such as the arrangement shown in Fig. 1 la, which was 
originally described by Yaniv in 1986. One can measure and store in calibration memory 
70 the threshold voltages V* (i, j) and V" (i, j) of diode 5(i j) and 5'(i j) respectively. 
Figure l ib shows the current-voltage characteristic of diode 5(i j) and 5*(i j) respectively. 

10 By using threshold voltages V+ (i, j) and V " (i, j) , the correct driver voltages for drivers 
14(i) can be calculated, and after that, the correct driver voltages for driver 14(i). will be 
stored in video memory 80. Driver 14(i) will use the correct driver voltages fetched from 
video memory 80 to drive the corresponding LCD cells. If driver 14(i) is replaced with 
driver electronics similar to those depicted in Fig. 9 - with current detector 3 l(i), 

15 comparator 34(i) and switch 33(i), then, voltages V(i, ;i, j) and V(-i; ;i, j) can be 
measured and stored in calibration memory 70, and these voltages V(i, ;i, j) and 
V(-i| ;i, j) can later on be used to obtain the correct driver voltages. Similarly, if the 
driver 14(i) is replaced with driver electronics similar to those depicted in Fig. 10a - 
with voltage comparator 43(i), current source 41(i), and switch 42(i), then, voltages 

20 V(i 0 ; i, j) and V(-i 0 ; i, j) can be measured and stored in calibration memory 70, and these 
voltages V(i 0 ; i, j) and V(-i^ ; i, j) can later on be used to obtain the correct driving, 
voltages. For the arrangement modified from that shown in Fig, 11a, such as the double- 
diode-plus-reset-circuit proposed by Philips (Kuijk 1990), all the above described 
methods can still be valid with some modifications. 

25 In the above described examples about how to improve display uniformity, some 

implementation use a single voltage to characterize the characteristics of a pixel, and 
some others use a few data points on the current- voltage curve for the same purpose. And 
in fact, a complete table, which lists the correct driving parameters for any particular 
target voltage ( say, a voltage out of 256 gray levels) on the capacitor, can be used to 
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characterize the characteristics of a pixel, and in the calibration memory, each pixel is 
associated with its own table. This approach requires a very large calibration memory. 
To save memory, one can store a partial table in the calibration memory. The partial table 
store the correct driving parameters for selected number of target voltages; if the driver 

5 electronics need the correct driving parameter for a target voltage which is not listed, that 
correct driving parameter can be provided with a.microprocessor, which calculate the 
correct driving parameter based on the parietal table by using linear approximation, 
parabola approximation, or a specific device model. Similarly, a complete table, which 
lists the correct driving parameter for any particular light intensity (say, one out of 256 

1 o gray levels), can be used to characterize the display characteristics of a pixel; or a partial 
table, which lists the correct driving parameter for selected light intensities, can be used 
to characterize the display characteristics of a pixel. And again, for a partial table, non- 
listed parameters can be provided by a microprocessor which perform the calculation 
based on the partial table. 

! 5 As shown in Fig. 12, for a particular AM-LCD 1 00, to obtain a light-intensity 

versus driving-parameter table for a pixel 101, be it complete or partial, one can put AM- 
LCD 100 in a dark chamber 200 and use a photo detector 210 to measure the light 
intensities with a set of driving parameters for that pixel 101 while all the rest of pixels 
are completely turned off. And, one need to repeat the same procedure one pixel at a 

20 time, until the light-intensity versus driving-parameter tables of all pixels in the AM-LCD 
are measured. These steps of measuring display characteristics of each pixel in a AM- 
LCD can be performed in the factory before the AM-LCD is shipped. The measurement 
may need to be performed with different temperatures in the case that the display 
characteristics of each pixel is temperature dependent. The measured tables are stored in 

25 a permanent memory. Depend on the speed, the permanent memory can be used as the 
calibration memory directly, or can be used to transfer those stored tables into a separate 
calibration memory which usually is a faster RAM. 

Once the curve of light-intensity versus driving-parameter of a particular pixel is 
measured, other calibration parameters can be derived from these raw data, and these 

30 derived calibration parameters can be stored in the calibration memory to characterize the 
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display characteristics of that pixel. For example, for the embodiment of Fig. 2, rather 
than using circuitry of Fig. 5a and Fig. 5b to measure the reference voltage V ref (i, j) of 
pixel (ij), it is possible to derive the reference voltage V rcf (i, j) by conducting parameter- 
fittings on the curve of light-intensity versus driving-parameter, which can be measured 

5 by using the apparatus illustrated in Fig. 12. Similarly, other calibration parameters for 
other embodiments --such as, V+(i,j), V~(i,j)^V(i,;i, j), V(-i;;i,j), V(i 0 ;i,j) and 
V(-iJ,;i, j) — can also be obtained by conducting parameter-fittings on the curve of light- 
intensity versus driving-parameter. 

By storing more data points into calibration memory 70 to describe the display 

10 characteristics of each pixel, it is possible to design more advanced circuitry for each 
pixel element, and based on these circuitry, it is possible to design an AM-LCD with 
almost perfect display uniformity even by using modest quality nonlinear elements. 

In all the embodiment described so far, by calibrating the display characteristics of 
individual pixel, it is possible to design an AM-LCD with almost perfect display 

15 uniformity, provided that diodes with reasonable quality are used. Take an example of 
the embodiment illustrated in Fig. 2: when a particular pixel is in charging-on mode as 
shown in Fig. 3a, the capacitor 8(ij) will be charged towards a 

voltage V(i,j) = V^COj - V ref (ij) exponentially with a time constant R on (i, j)C, and 

when a particular pixel is in charging-off mode as shown in Fig. 3b, the capacitor 8(i j) 
20 can still be charged by a leakage current I lcak (i, j) = [V^, (i). - V' ref (i, j)] / R ofr (i, j) . For 

good quality diodes with very large R off (i, j) , the voltage changes across capacitor 8(i j) 
due to the leakage currant through R off (i, j) can be practically neglected. If there are 
1000 columns, and assume the display need to be refreshed 30 times in a second, then, 
when a pixel element is in charging-on mode, capacitor 8(i j) need to be charged to the 
25 target voltage within a time period smaller than 1/(1000 x 30) of a second. If we chose 
the time constant R on (i, j) C to be 1 15 of that allocated time period, then, R on (i, j) C = 
1/(1 000 x 30 x 5). During most of the time period T = 1/30 second that a frame is 
refreshed, a pixel element is in charging-off mode, and .actually, the time period that it is 
in charging-off mode is 999 times the time period that it is in charging-on mode. To 
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make the leakage current negligible, the voltage changes due to the leakage current has to 
be smaller than the voltage differences between two adjacent gray levels, which usually is 
less than 1/256 volt. If we chose the typical target voltage to be 3 V, and in the worst 

case scenario, it requires that 
5 [ 999 / (1000 x 30) ] x [ 3 V / R otr (iJ)] / C < 1/256 V. 

Substituting 1/C = ( 1000 x 30 x 5) R ro (i, j) into.the above condition, we have the 
condition 

R*(i. j) / Ro, (U) < K 1/256 V > ' 3V 1 1 1/ 999 ] [ 1/5 ] « 2 x 10- 7 . 
Even though it is possible to make pn diodes and MIM diodes with R on (i, j) / R off G, j) 
10 smaller than 2.x 10' 7 by using existing technologies, the manufacture techniques used to 
make these low leakage diodes, nevertheless, is somewhat demanding. By using more 
advanced circuitry design for each pixel element in combination with more complicated 
calibration techniques for each pixel element, it is possible to design an AM-LCD with 
almost perfect display uniformity even by using modest quality diodes, and two example 
15 designs are shown in Fig. 13 and Fig. 19. 

As shown in Fig.13, the LCD consists of an array of row driving lines 13(i) and 
two array ofcolumn driving lines 11© and -IV®. The row driving lines and column 
driving lines form a matrix structure. The driving line for the i'th row is 13®. and driving 
lines for the j'th column are 110) and ll'O)- The cross position between the driving line 
20 for the i'th row and driving lines for the j'th column defines a pixel element (i j). 

Associated with each pixel element (i j), there is a storage capacitor 8(i j) with terminal 
one 7(i j) and terminal two 9(i j), a first non-linear element consisting of a pn diode 5(i j)a 
and a resistor 5(i j)b, a second non-linear element consisting of a pn diode 5'(i j)a and a 
resistor 5'(ij)b, a third non-linear element 6(i j)a, and a resistor 6(i j)b. One terminal of 
25 the first non-linear element is connected to terminal one 7(i j) of capacitor 8(i j), and the 
other terminal of the first non-linear element is connected to the first column driving line 
110). One terminal of the second non-linear element is also connected to terminal one 
7(ij) of capacitor 8(i j), and the other terminal of the second non-linear element is 
connected to a common voltage, which can be the ground voltage. The terminal two 9(i j) 
30 of capacitor 80J) is connected to one terminal of the third non-linear element 6(ij)a. 
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The terminal two 9(ij) of capacitor 8(i j) is also connected to one terminal of resistor 
6(i j)b. The other terminal of resistor 6(i j)b is connected to the second driving line 
1 r G), and the other terminal of the third non-linear element 6(i j)a is connected to the 
driving line 13(i) for the i'th row. Each column driving line HQ) is connected to a 

5 voltage driver 120), each column driving line 1 VQ) is connected to a voltage driver 

12'(j), and each row driving line 13(i) is connected to a voltage driver 14(i). The purpose 
of the first and second non-linear elements is to effectively connect the terminal one 7(ij) 
to the ground with low impedance when that terminal is selected with driving line 1 10) 
and 1 1 'OX 311(1 isolate that terminal to the ground with high impedance when that 

10 terminal is not selected. The purpose of the third non-linear element is to effectively 

connect the terminal two 9(ij) to row driving line 13(i) when pixel (i j) is selected, and to 
effectively isolate the terminal two 9(i j) from row driving line 1 3(i) when pixel (i j) is 
not selected. 

Any pixel element can be either in charging-on mode or charging-off mode. For 
15 all the pixel elements in a column, the two driving lines for that column controls which of 
the two modes will be for those pixel elements in that column. When a pixel element is 
in charging-on mode, the capacitor of that pixel element can be charged by the voltage on 
the row's driving line connected to that pixel element. When a pixel element is in 
charging-off mode, the voltage on the capacitor of that pixel element is maintained, and 
20 that voltage is hardly influenced by the voltage on the row's driving line connected to that 
pixel element. 

Figure 14a shows the equivalent circuit of a pixel element (i j) when that pixel 
element is in charging-on mode. In Fig 14a, when on-voltage V on is applied to the first 
column driving line 1 1Q) to drive both the first and second non-linear elements into the 
25 conducting state, the terminal one 7(ij) of the. capacitor 8(i j) is equivalently connecting 
to a reference voltage V rcf (i, j) though a low impedance R on (i, j) ; and if at the same time 
another on-voltage V' on is applied to the second column driving line ll'O) to drive the 
third non-linear element into the conducting state, then, by applying a data voltage 
Vdata (i) j to row driving line 130), capacitor 8(i j) will be charged to a voltage 
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V(i j) = V d- ,(i) j -V wf (i,j)-AV(i,j) exponentially with a time constant R^tfC, 
where AV(i, j) is the voltage drop across the third non-linear element 6(i j)a . 

Figure 14b shows the equivalent circuit of a pixel element (i j) when that pixel 
element is in charging-off mode. In Fig 14b, when off-voltage V off is applied to the first 
5 column driving line 1 10) to drive both the first and second non-linear elements into the 
non-conducting state, the terminal one 7(i j) of the capacitor 8(ij) is equivalent^ 
connecting to a reference voltage V' ref (i, j) though a very high impedance R off (i, j) ; and 
if at the same time another off-voltage V off is applied to the second column driving line 
1 1 '(j) to drive the third non-linear element into the non-conducting state to effectively 
0 isolate the terminal two 9(i j) from row driving line 13(i), then, no mater what data 

voltage V^COj is set on the second terminal of the third non-linear element 6(ij)a, the 
voltage change across that capacitor 8(ij) is still independent of data voltage V^i^. 
And in fact, the voltage across that capacitor 8(i j) can only change very little by a very 
small leakage current I lesJt (i, j) = [V^ - V ref (i, j)]/ R ofr (i, j) , and for good quality diodes 
15 with very large R ofr (i, j) , such small voltage changes across capacitor 8(i j) can be 
practically neglected. Even if modest quality diodes are used such that the leakage 
current I leak (i,j) through R ofr (iJ) can not be neglected, small voltage changes across 
capacitor 8(i j) are still independent of the data voltage V^i),. And since the voltage 
changes across capacitor 8(ij) are independent of the data voltage V^Oj. the display 

20 characteristics of every pixel can be easily calibrated. 

To teach more effectively the sample design of Fig. 13, we will show a specific 
selection of the on-voltages ( and V.) and the off-voltages (V ofr and V off ). Assume 
that the common voltage that the second non-linear element connected to is chosen to be 
the ground voltage 0V. For the charging-on state, an on-voltages V pn of + 12V can drive 

25 both the first and second non-linear elements into the conducting states. If V ref (i,j) is in 
the range between +5V to +7V and if the voltage across the capacitor 8(ij) needs to be 
between -3 V to +3 V, then, the voltage applied to the second terminal 9(i j) of the 
capacitor 8(ij) need to be in the range between +2V to +10V. If the voltage drop across 



29 



BNSOOCIO: <WO 0028S16A1 I > 



WO 00/28516 





PCT/US98/23837 



the third non-linear element while in the conducting state is 0.7V, then, thedata-voltage 



the value +12V will be able to drive the third non-linear element 6(i j)a into the 
conducting state. When the third non-linear element 6(i j)a is in the conducting state, the 



capacitor 8(ij), albeit though an equivalent small-resistor R a (i J) with a voltage drop 
AV(i, j) - For the charging-off state, an off-voltages V o(T of -12V can drive both the first 
and second non-linear elements into the non-conducting states. If the second off- voltage 
W is selected to be -6V, then, the data-voltage V data (i) j in the range from +2.7V to 

10 +10.7V can not drive the third non-linear element into the conducting state, and thus, the 
data- voltage V data (i) j is isolated from the second terminal 9(ij) of capacitor 8(ij). 
Because the voltage across capacitor 8(i j) is in the range from - 3 V to +3 V and the 
voltage at the second terminal 9(i j) of capacitor 8(i j) is -6V, therefore, the voltage at the 
first terminal 7(i j) of capacitor 8(i j) is in the range between - 9 V to -3V, and this 

15 voltage can not drive the first or the second non-linear element into the conducting state. 

The major advantage of the embodiment in Fig. 13 over the embodiment in Fig. 2 
is that the display characteristics of pixel (i j) in Fig. 13 only depend on the data-voltage 
V data (0 j for the pixel (i,j), it do not depend on the data-voltages for other columns. 
Even in the case that the off-resistance R ofT (i, j) is only modestly large such that 

20 x(i, j) = R off (i, j)C(i, j) are comparable to or smaller than the time period T = 1/30 over 
which one frame of imaging is displayed and the light intensity decays during the time . 
period T, the light intensity still only depend on the data-voltage for that pixel alone . 
Because the data-voltage on the i'th row are applied one by one for each column, the 
voltage Vj (t) on the driving line for the i'th row are therefor time dependent. Assume 

25 the total number of column is M, if from t = t 0 to t = t 0 + T/M, data-voltage V^ (i), for 
the first column are applied to the driving line for the i'th row, then, 



V^COj should be in the range from +2.7V to +10.7V. The second on-voltage V'^ of 



5 



data-voltage V^ (i) } will be effectively connected to the second terminal 9(i j) of 



V 8 (t)= V^Ci), 
V ; (t)= V data (i) 2 



for t 0 <t< t 0 +T/M 

for t 0 + T/M<t< t 0 +2T/M 
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V,(t) = V^O), for t 0 +2T/M<t< t 0 +3T/M 
V,(t)- Va.COj for t 0 +fl-l)T/M<t< t o +0)T/M 



V,(t)= V^Wm for t 0 +(M-l)T/M<t< t 0 +T 
Clearly the wave form of V s (t) depend on the imaging pattern to be displayed. For the 
embodiment in Figure 2, with equivalent circuit in Fig. 3b for charging-off mode, after 
capacitor 8(ij) is charged to a voltage V(i,j;t 0 +T/M)attime t 0 + T/M, the voltage 
V(i , j;t) across capacitor 8(i j) at time t changes according to equation 

V (i,j;t) = e- /T(ij) Je ,/T(iJ) V i (t)dT/x(i,j) + V(i,j;t 0 +T/M). 



I„+T/M 



If the off-resistance R ofr (i, j) is very large, the first term in the above equation can 
be neglected and the voltage V(ij;t) will maintain a constant V(i, j; t 0 + T / M) . For very 
large R off (i, j) , once the voltage across capacitor 8(ij) is set to the target voltage, it will 
remain at that target voltage. However, if R off (i, j) is not large enough, even if the 
1 5 voltage across capacitor 8(i j) is set to a target voltage at the instance t 0 + T/M, the 
voltage across capacitor 8(i j) will change over the time period T, and making matters 
even worse, that voltage changes across capacitor 8(i j) depend on the voltage V, (t) on 
the driving line for the i'th row. Even though it is still possible to calibrate each pixel to 
give the correct luminosity for the embodiment in Figure 2, once time constant x(i, j) is 
measured, but this calibration process need to use imaging information such as the data- 
voltages for all the other element in the I'th row, and calculation process can be very 
complicated. 

For the embodiment in Figure 1 3, the calibration process can be much simpler. In 
particular, the light intensity of pixel (i j) do not depend on the voltage V ; (t) on the 
25 driving line for the i'th row once the voltage across capacitor 8(ij) is set, and as a 

consequence, the intensity of pixel (i j) do not depend on the data-voltage for the other 
pixels in the i'th row. More specifically, the voltage V(i j;t) across capacitor 8(i j) 
changes according to equation 
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V(iJ;t) = e- ,/T(ij) fe^ (iJ) V 0 ' ff dx / x(i, j) + V(i,j;t 0 + T/M) 



t 0 +T/M 



The perceived intensity for pixel (i j) is the average light intensity averaged over 
time period T. Assume that the curve of light intensity versus capacitor voltage is L = 
f(V), then, perceived intensity L(i, j) is given by 

5 L(i, j) = i r T f(V(i, j;t))dt = f(V(i, j;t 0 + T/ M);x(i, j)) . 

This curve of the perceived intensity L(i, j) versus the initial voltage V(i,j;t 0 +T/M) 
can be considered as the display characteristics of the pixel (i j), and it can be used to 
calibrate pixel (ij). But, for the embodiment in Fig. 13, with the equivalent of charging- 
on mode shown in Fig. 1 4a, the initial voltage V(i, j; t 0 + T / M) is set by the data-voltage 
l o (i) i with additional correction terms such as the reference voltage V ref (i, j) and the 

voltage drop AV(i, j) across the third non-linear element 6(ij)a with the relationship 
given by V(i, j;t 0 ) = V data (i) j - V ref (i, j) - AV(i, j) , where the voltage drop AV(i, j) may 
depend on the data-voltage (i) i . Therefore, it is much easier to use the curve of 
L(i, j) versus V,^, (i) j to characterize the display characteristics of pixel (i j) than to use 
15 the curve of L(i, j) versus V(i, j; t 0 + T / M) . 

The curve of L(i, j) versus V^COj can be measured experimentally by using the 
measurement apparatus illustrated in Fig. 12. As shown in Fig. 12, to measure the curve 
of L(i,j) versus V^Oj , first, one need to put AM-LCD 100 in dark chamber 200, and 
use photo detector 210 to measure the light intensities of pixel (ij), with the data-voltage 
V^, (i) j equal to a set of voltage values (such as V L1 , V L2 , V L3 , . . . ), for an averaging 
time equal to the multiples of the frame period T (e.g. T, 2T, 3T, et. al. ), while all the 
rest of pixels are completely turned off. As shown in Fig. 15a, the measured value of 
L(i,j) for V data (i) j = V LI is L eI (i,j), L(i,j) for V^i); = V L2 is L e2 (i,j), ...and 
L(i, j) for (i)j = is (i, j) , where H is the number of points on the display 
25 characteristic curve measured for each pixel. The number of points on the display 

characteristics need to be measured depend on the non-linearity of the display curve and 
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the required display resolution ( e.g. 4 bit or 8 bit). These measured numbers are stored in 
a memory for further processing. If the number of row isN and the number of column is 
M, then a total of N*M*H numbers are stored in the memory. 

After the measurement of the display curves of all pixels, the correct data-voltage 
5 for any desired intensity for any pixels can be calculated. For example, for pixel (i j) at 
the i'th row and the j'th column, to calculate the correct data-voltage for a desired 
intensity L taiJ!et (i,j), one first compare the desired intensity L target (i,j) with all the 
measured intensity L el (i,j), L e2 (i,j), L e3 (i,j) , .... and L eH (i,j). Suppose that 
L target (i,j)happentobe between L e2 (i,j)and L e3 (i,j),asshowninFig. 15b,then,one 
10 can simply use linear approximation to calculate the correct data-voltage V^i) , , which 
is given by 

Vl^L.arBC & J) - L e2 0.3)3 + Vu^O. j) ~ L ««rgc, 0, j)1 

V*>*( [ h = L e3 (i,j)-L e2 (i,j) 
Or, to increase the accuracy in calculating V^i) jf one can use parabola approximation 
or other higher order approximations. For polynomial approximation with order H, the 
1 5 correct data-voltage (i) i is given by 

[L e2 (iJ)-L,^,(iJ)1[L e3 (iJ)-L, a re e (i>j)]--[ L e Ha J)- L .ar g c,(i.j)1^ [ 

V dala (i) j = [Le2 (i,j)-L el (i,j)][L e3 (i,j)-L el (iJ)]-[L eH (i,j)-L eI (i,j)] 
rL,,(Ui)-L tMCt (i,j)][L ri (ij^-L lw (i,j)]-" [L J (i,j)-L,^(i > j)],^ 
+ [L.,(i, j) - L e2 (i, j)][L e3 (i, j) - L e2 (i, j)] • • [L^ (i, j) - L e2 (i, j)] 



25 



One can even use more complicated algorithm, such as, the algorithm of using least 
square fit in combination with device models to calculate the correct data-voltage 
V (i) ■ that can achieve the desired intensity L 

target 

data >■ J j 

There are generally two methods of using the measured display curve to provide a 
perfectly uniform display. With method one, for every pixel in the display, the correct 
data-voltages for all gray levels are calculated; these correct data-voltages are used as 
calibration parameters directly and stored as complete look-up tables in a calibration 
memory for future use; and one will use the complete look-up table to find the correct 
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data-voltages without the need to perform additional calculation. With method two, for 
every pixel in the display, calibration parameters are calculated and stored as partial look- 
up tables in a calibration memory for future use; and one will use the partial look-up table 
in combination with some additional calculation in real time to find the correct data- 

5 voltages. As for the calibration parameters, the correct data-voltages for selected number 
of gray levels can be calculated and used as the calibration parameters, or other model- 
dependent parameters can be calculated and used as the calibration parameters as well. 

If there is no pixel degrading effect, the above described look-up tables need to be 
calculated only once, and these look-up tables can be stored in a permanent memory, such 

10 as ROM, or hard disk. If the look-up tables are stored in a slower permanent memory, 
say, hard disk, the look-up tables will have to be loaded into a faster RAM from the 
permanent memory, and use this RAM as the calibration memory. 

Figure 16a shows in detail the method one mentioned above. With method one, 
for every pixel in the display, the correct data-voltages » V, (i, j) , V 2 (i, j) , V 3 (i, j) , . . . , 

15 and V K (i, j) , for all gray levels with corresponding desired intensity L, , L 2 , L 3 . . and 
L K , are calculated by using linear approximation or other previously described methods. 
More specifically, for 8 gray levels, 8 voltages are calculated for each pixel, and for 256 
gray levels, 256 voltages are calculated. These calculated correct data-voltages are used 
as calibration parameters directly and stored in a calibration memory 70. With a 

20 conventional display, if a computer want a pixel to display certain intensity, it will write 
the intensity word (which is a byte for 8 bit gray levels) of the pixel to a location in video 
memory 80, and the driver electronics will use the intensity words in video memory 80 to 
drive the display. With present newly invented display, however, if a computer want a 
pixel to display certain desired intensity, it will first use the look-up table of the 

25 corresponding pixel in calibration memory 70 to find out the correct data-voltage for that 
desired intensity, write this correct data- voltage to video memory 80, and the driver 
electronics will use the correct data- voltages in video memory 80 to drive the AM-LCD. 
Alternatively, as shown in Fig. 16b, the computer can still write the uncompensated 
intensity word to video memory 80, but, the driver electronics itself will use the look-up 
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tables in calibration memory 70 to find out the correct data-voltage for any gray level of 
any pixel, and use this correct data- voltage to drive the AM-LCD. 

Above described method one of using complete look-up tyables is relatively easy 
to implement, but, if a display has large number of pixels and each pixel has large number 
of gray levels, the amount of calibration memory required can be quite large. For 
example, for a 256-gray-level display with one million pixels, one need to store 256 
million numbers. If each correct driving voltage is stored as a byte to represent the 
absolute number, then, 256 Megabyte calibration memory is needed. To reduce the 
memory requirement, one can instead store relative numbers in calibration memory 70. 
For example, one can store relative number AV k (i, j) = V k (i, j) - V k into calibration . 
memory 70, where V k = X V k 0 » j) is the average data- voltage for gray level k averaged 
over all pixels, and 1 < k < K . If the variations among different pixels are small, one can 
use a smaller number of bit (such as 4 bit) to represent AV k (i, j) even if one need 8 bit to 
represent V k (i, j) . Another way to reduce the calibration memory requirement, which is 
the method two mentioned previously, is to use partial look-up tables, instead of complete 
look-up tables. 

Figure 17a and 17b show in detail the method two mentioned previously. With 
method two, for every pixel in the display, the correct data-voltages — V, (i, j) , 
V 2 0 J) > V 3 0 J) > • • • » v k (i J) » for selected number of gray levels ~ with 
corresponding desired intensity L, , L 2 , L 3 and L K , are calculated and used as 
calibration parameters. These calibration parameters are stored as partial look-up tables 
in a calibration memory 70 for future use. The microprocessor or driver electronics will 
use the partial look-up tables in combination with some additional calculation in real time 
to find the correct data-voltages. Where the number of gray levels K selected are smaller 
than the number of total gray levels. As for the issue on how to select L, , L 2 , L 3 . . and 
L K , it may be chosen based on the non-linearity of the display curve or just chosen for 
convenience, such as for a four point calibration, one simply may chose L, = (1 / 4)L 0 , 
L 2 = (2 / 4)L 0 , L 3 = (3 /4)L 0 , and L 4 = L 0 , where L 0 is maximum intensity. 
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After the calibration parameters are calculated and stored as partial look-up tables 
in calibration memory 70, the next step is to use the partial look-up tables to calculate the 
correct driver voltages to provide nearly perfect display uniformity for the present 
disclosed AM-LCDs. 

With a conventional display, if a computer want a pixel to display certain 
intensity, it will write the intensity word (which is a byte for 8 bit gray level) of the pixel 
to a location in a video memory, and the driver electronics will use the intensity words in 
the video memory to drive the display. With present newly invented display, however, if 
a computer want a pixel to display certain desired intensity, it will first fetch the related 
calibration parameters from the corresponding partial look-up table from calibration 
memory 70, as shown in Fig. 17a; then, use these calibration parameters along with the 
intensity word to calculate the correct data- voltage that can achieve the desired intensity 
for that pixel; then, write this correct data-voltage to video memory 80; and then, the 
driver electronics will use the correct data-voltages in video memory 80 to drive the AM- 
LCD. Alternatively, as shown in Fig. 17b, the computer can still write the 
uncompensated intensity word to video memory 80, but, the driver electronics itself will 
use the partial look-up table in calibration memory 70 in combination with some 
calculations to find out the correct data-voltage for any gray level of any pixel, and use 
this correct driving data-voltage to drive the AM-LCD directly. In both of the above two 
alternatives, some calculations are required to obtain the correct data-voltage; these 
calculation can be performed with a microprocessor 50, which can be the main 
microprocessor or preferably a dedicated display processor. In the following, several 
algorithms for performing these calculations are described, and for linear approximation, 
a specific design of display processor 50 is described. 

Figure 18a illustrates a specific implementations of Fig. 17a based on linear 
approximations, and Fig. 18b illustrates that of Fig. 17b. In Fig. 18a or 18b, the 
microprocessor 50 or driver electronics 90 first compare the desired intensity L(i, j) with 
the set of intensity levels ( L, , L 2 , L 3 . . ., and L K ) which have pre-calculated correct 
data-voltages stored in calibration memory 70, the microprocessor find the two numbers 
(among L, , L 2 , L 3 . . and L K ) which are most close to the desired intensity L(i, j) ; the 
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microprocessor 50 or driver electronics 90 will then fetch the driving voltages 
corresponding to tiiese two numbers from calibration memory 70 and use liner 
approximation to calculate the correct data- voltage (i) . which can achieve the 

desired intensity L(i, j) ; finally, the calculated data- voltage V dala (i) j is stored in video 

5 memory or used by driver electronics to driver the display directly. Take an example of 
how V^COj is calculated , if L 2 < L(i, j) < L 3 , then 

v r\ V 3( i >J)t L ( i 'J)- L ^ + V 2(iJ)[ L 3 -L(iJ)] 

V dataWj ~~ T T ' 

In fact, to simplify the above calculation and speed up the calculation in real time, 
one can chose AL = L 2 - L, = L 3 - L 2 =...= L K - L K-l , and rather than store 
1 0 V k (i, j) (with k = 1 , 2, . . .K) in calibration memory 70, one can store 

v k(*J) = V k (i, j)/AL (with k = 1, 2, ...K) in calibration memory 70. The microprocessor 
50 or driver electronics 90 then use v k (i, j) to calculate the correct data-voltage 
V^(i)j=v k+1 (iJ)[^ where L k < L(i, j) < L k+1 . The 

microprocessor used to perform the above calculations can be the main microprocessor or 
15 a dedicated display processor. Figure 1 8c illustrates a specific design of display . 

processor 50 based on above linear approximation by using hardware gate elements. 
To minimize the calibration memory requirement one can store a normalized 

variation of v k (i, j) . The normalized variation <x k (i, j) is defined by 

v k 0 » j) = v k [1 + Sa k (i, j)] , where S is a scaling factor that is chosen based on the 
20 variations of all the v k (i, j) , and v k is the average of v k (i, j) over all pixels 



1 ^ . . 

k "N*M i= trJ k(1,J) ' 



The average v, , v 2 , v 3 ..and v K , and the scaling factor S are also stored in a memory, 
and these numbers can be loaded into the microprocessor to perform the calculation. The 
design of a dedicated display processor by using the normalized variation a k (i, j) is 
25 straight forward for the people skilled in the art, and will not be discussed further here. 

In Fig. 1 8a or 18b, the microprocessor 50 or the driver electronics 90 use liner 
approximation to calculate the driving voltage that can achieve the desired 
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intensity L(i, j) . In fact, one can also use polynomial approximation to calculate the 
driving voltage V^Ci)^ that can achieve the desired intensity L(i, j) . For example, 




(L t - L)(L 3 - L) - (L K - L) v 



One can even use more complicated algorithm, such as, the algorithm of using least 

5 square fit in combination with a device model to calculate the data voltage that 
can achieve the desired intensity L(i, j) . Of course, the more complicated the algorithm, 
the more it is required for the processing power of the microprocessor 50 or the driver 
electronics 90. One need to make a compromise between the processing power and the 
amount of calibration memory required. With enough calibration memory, simple linear 

10 approximation algorithm can already provide the satisfactory results. 

Based on above teachings, it is clear that, for the embodiment of Fig. 13, even if 
diodes with modest quality are used, it is still possible to achieve almost perfect display 
uniformity for the AM-LCD illustrated in that figure. In fact, the above taught method of 
improving the display uniformity of AM-LCDs can also be applied to other kinds 

15 embodiment of AM-LCD. Figure 19 shows a variation of the embodiment of Fig. 13 and 
Fig. 6c, and display uniformity of the AM-LCD in Fig. 19 can be improved by the same . 
way as that of Fig. 1 3 . Compared with the embodiment of Fig. 1 3 , the embodiment of 
Fig. 10 consists of only one array of column driving lines, in contrast to two arrays in Fig. 
13. In general, if the display characteristics of a pixel in an AM-LCD do not depend on 

20 the data- voltages applied to other pixels, one can always measure the display 

characteristics of that pixel independently, and store into a calibration memory the 
calibration parameters derived from the measured display characteristics (while in certain 
cases, the measured display characteristics can be used as the calibration parameters 
directly); then, one can use the calibration parameters in the calibration memory to find 

25 out the correct data-voltages, and use the correct data-voltages to drive the AM-LCD. 

The forgoing description of selected embodiments and applications has been 
presented for purpose of illustration. It is not intended to be exhaustive or to limit the 
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invention to the precise form described, and obviously many modifications and variations 
are possible in the light of the above teaching. The embodiments and applications 
described above was chosen in order to explain most clearly the principles of the 
invention and its practical application thereby to enable others in the art to utilize most 
effectively the invention in various embodiments and with various modifications as are 
suited to the particular use contemplated. Accordingly, the scope of the invention should 
be determined not by the embodiments illustrated, but by the appended claims and their 
legal equivalents. 
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1 I claim: 
2 



1 1 . A method for improving the display uniformity of an LCD having a matrix of pixels, 

2 comprising the steps of: 

3 measuring the display characteristics of each pixel in the matrix of pixels; 

4 deriving the calibration parameters of each pixel in the matrix of pixels from the 

5 measured display characteristics of the corresponding pixel; 

6 storing into a calibration memory the calibration parameters of each pixel in the 

7 matrix of pixels; 

8 obtaining the correct driving parameters for each pixel in the matrix of pixels by using 

9 the calibration parameters of the corresponding pixel from the calibration 

10 memory; and 

1 1 driving each pixel in the matrix of pixels with the correct driving parameters for the 

12 corresponding pixel. 
13 

1 2. A method of claim 1 further comprising the step of: 

2 storing into a video memory the correct driving parameters for each pixel in the 

3 matrix of pixels. 
4 

1 3. A method of claim 1 or 2 wherein said step of measuring further comprises the step 

2 of: 

3 measuring a reference voltage associated with that pixel. 



1 4. A method of claim 1 or 2 wherein said step of measuring further comprises the step 

2 of: 

measuring a data point in the current-voltage characteristics associated with that 
4 pixel. 
5 



3 
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5. A method of claim 1 or 2 wherein said step of measuring further comprises the step 

of: 

measuring the light intensities of that pixel in a dark chamber for a set of driving 
parameters by using a photo detector. 

6. A method of claim 1 or 2 wherein said step of deriving further comprises the step 

of using the measured display characteristics of each pixel directly as the 
calibration parameters of the corresponding pixel. 

7. A method of claim 1 or 2 wherein 

said step of deriving further comprises the step of determining the correct driving 
parameters for all gray levels of each pixel by using the measured display 
characteristics of the corresponding pixel as the row data; 

said step of storing further comprises the step of storing into the calibration 
memory the correct driving parameters for all gray levels of each pixel; and 

said step of obtaining further comprises the step of fetching the correct driving 
parameters for the corresponding pixel from the calibration memory. 

8. A method of claim 1 or 2 wherein 

said step of deriving further comprises the step of determining the correct driving 
parameters for selected gray levels of each pixel by using the measured display 
characteristics of the corresponding pixel as the row data; 

said step of storing further comprises the step of storing into the calibration 
memory the correct driving parameters for selected gray levels of each pixel; 
and 

said step of obtaining further comprises the step of calculating the correct driving 
parameters by using the correct driving parameters for selected gray levels of 
the corresponding pixel from the calibration memory as the raw data. 
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9. A method of claim 8 wherein said step of calculating is a step being performed 

based on linear approximation. 

10. A method of claim 8 wherein said step of calculating is a step being performed 
with a dedicated microprocessor. 

1 1 . A method of claim 1 or 2 wherein 

said step of deriving further comprises the step of determining the calibration 
parameters of each pixel based on a device model by using the measured 
display characteristics of the corresponding pixel as the row data; and 

said step of obtaining further comprises the step of calculating the correct driving 
parameters by using a device model as the algorithm and by using the 
calibration parameters of the corresponding pixel from the calibration memory 
as the raw data. 

12. A method of claim 1 1 wherein said step of calculating is a step being 
performed with a dedicated microprocessor. 

13. An active matrix LCD comprising: 
an array of row driving lines; 

a first array of column driving lines being perpendicular to said array of row driving 
lines; and 

a matrix of pixel elements wherein a pixel element comprising, 

(a) a capacitor having a first terminal and a second terminal, 

(b) a first non-linear element having a first terminal connecting to the first terminal 

of said capacitor and having a second terminal connecting to a column driving 
line in said first array of column driving lines, 
(c)a second non-linear element having a first terminal connecting to the first 
terminal of said capacitor, and having a second terminal, 
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12 (d)e!ectronic circuitry for driving said pixel element into charging-on mode 

13 having both said first non-linear element and said second non-linear element 

14 in the conducting state at the same time, for changing the voltage on said 

15 capacitor, 

16 (e) electronic circuitry for driving said pixel element into charging-off mode 

17 having both said first non-linear element and said second non-linear element 

18 in the non-conducting state at the same time, for maintaining the voltage on 

19 said capacitor, and 

20 (f) electronic circuitry for charging said capacitor when said pixel element is in 

2 1 charging-on mode. 
22 

1 14. An active matrix LCD of claim 13 further comprising: 

2 a second array of column driving lines being in parallel with said first array of 

3 column driving lines; 

4 said capacitor having the second terminal connecting a row driving line in said 

5 ■ ' . array of row driving lines; and 

6 said second non-linear element having the second terminal connecting to a 

7 column driving line in said second array of column driving lines. 
8 

1 15. An active matrix LCD of claim 13 further comprising: 

2 a second array of column driving lines being in parallel with said first array of 

3 column driving lines; 

4 said second non-linear element having the second terminal connecting to a 

5 common voltage; and 

6 said pixel element further comprising, 

7 a third non-linear element having a first terminal connecting to the second 

8 terminal of said capacitor and having a second terminal connecting to a 

9 row driving line in said array of row driving lines, and 
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a resistive element having a first terminal connecting to the second terminal of 
said capacitor and having a second terminal connecting to a column 
driving line in said second array of column driving lines. 

1 6. An active matrix LCD of claim 1 3 wherein 

said second non-linear element having the second terminal connecting to a 

common voltage; and 
said pixel element further comprising, 

a third non-linear element having a first terminal connecting to the second 
terminal of said capacitor and having a second terminal connecting to a 
row driving line in said array of row driving lines, and 
a resistive element having a first terminal connecting to the second terminal of 
said capacitor and having a second terminal connecting to a column 
driving line in said first array of column driving lines. 

17. An active matrix LCD of claim 13 or 14 wherein said first non-linear element and 
said second non-linear element are selected from a group consisting of metal- 
insulator-metal diode, pn diode, diode complex comprising a metal-insulator- 
metal diode and a resistor, diode complex comprising a pn diode and a resistor, 
avalanche diode complex comprising two thin film pn diodes connecting inversely 
to each other in series, and any combination thereof. 

1 8. An active matrix LCD of claim 1 5 or 1 6 wherein said first non-linear element, 
said second non-linear element and said third non-linear element are selected from 
a group consisting of metal-insulator-metal diode, pn diode, diode complex 
comprising a metal-insulator-metal diode and a resistor, diode complex 
comprising a pn diode and a resistor, avalanche diode complex comprising two ... 
thin film pn diodes connecting inversely to each other in series, and any. 
combination thereof. 
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19. An active matrix LCD of claim 14 or 15 wherein said electronic circuitry for 
driving said pixel element into charging-on mode comprises: 

electronic circuitry for applying a first on-voltage to the column driving line, 
connecting to the second terminal of said first non-linear element, in said first 

5 array of column driving lines; and 

6 electronic circuitry for applying a second on-voltage to the column driving line, 
connecting to the second terminal of said second non-linear element, in said 
second array of column driving lines. 



7 
8 
9 
1 

2 
3 
4 



20. An active matrix LCD of claim 14 or 15 wherein said electronic circuitry for 
driving said pixel element into charging-off mode comprises: 

electronic circuitry for applying a first off-voltage to the column driving line, 
connecting to the second terminal of said first non-linear element, in said first 

5 array of column driving lines; and 

6 electronic circuitry for applying a second off-voltage to the column driving line, 
connecting to the second terminal of said second non-linear element, in said 
second array of column driving lines. 



21. An active matrix LCD of claim 16 wherein said electronic circuitry for driving 

2 said pixel element into charging-on mode comprises: 

3 electronic circuitry for applying an on-voltage to the column driving line, 

4 connecting to the second terminal of said first non-linear element, in said first 

5 array of column driving lines. 



1 22. An active matrix LCD of claim 16 wherein said electronic circuitry for driving 

2 said pixel element into charging-off mode comprises: 

3 electronic circuitry for applying an off-voltage to the column driving line, 
connecting to the second terminal of said first non-linear element, in said first 

5 array of column driving lines. 

6 



4 
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23. An active matrix LCD of claim 14 wherein said electronic circuitry for charging 
said capacitor comprises: 

electronic circuitry for applying a data-voltage to the row driving line, connecting 
to the second terminal of said capacitor, in said array of row driving lines. 

24. An active matrix LCD of claim 15 or 16 wherein said electronic circuitry for 
charging said capacitor comprises: 

electronic circuitry for applying a data-voltage to the row driving line, connecting 
to the second terminal of said third non-linear element, in said array of row 
driving lines. 

25. An active matrix LCD of claim 1 3 further comprising: 

electronic circuitry for selecting a column by driving all pixel elements in that 
selected column into charging-on mode and driving all pixel elements in all 
the rest columns into charging-off mode; and 

electronic circuitry for charging the capacitor of the pixel element in that selected 
column. 

26. An active matrix LCD of claim 13, 14, 15 or 16 further comprising: 
electronic circuitry for measuring the display characteristics of said pixel element, 

27. An active matrix LCD of claim 1 3, 1 4, 1 5 or 1 6 further comprising: 

a calibration memory having the display characteristics of said pixel element 
stored therein. 

28. An active matrix LCD of claim 27 wherein 

the display characteristics of said pixel element being the reference voltage of 
the terminal one of said capacitor when said pixel element being in 
charging-on mode and when said capacitor having the current flow 
thereinto negligible. 
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29. An active matrix LCD of claim 13 further comprising: 

a calibration memory having the display characteristics of said pixel element 
stored therein; and 

electronic circuitry for calculating the correct driving parameter for said pixel 
element by fetching the display characteristics of said pixel element from said 
calibration memory. 

30. An active matrix LCD of claim 29 further comprising: 

a video memory having the correct driving parameter for said pixel element stored 
therein. 

31. An active matrix LCD of claim 14 further comprising: 

a calibration memory having the display characteristics of said pixel element 
stored therein; 

electronic circuitry for calculating the correct driving parameter for said pixel 

element by fetching the display characteristics of said pixel element from said 

calibration memory; and 
the correct driving parameter for said pixel is the correct data-voltage applying to 

the row driving line, connecting to the second terminal of said capacitor, in 

said array of row driving lines. 

32. An active matrix LCD of claim 31 further comprising: 

a video memory having the correct data-voltage for said pixel element stored 
therein. 

33. An active matrix LCD of claim 3 1 or 32 wherein 

the display characteristics of said pixel element being the reference voltage of 
the terminal one of said capacitor when said pixel element being in 



47 



BNSDOC1D: <WO 0028516A1 I > 



WO 00/28516 



PCT/US98/23837 



charging-on mode and when said capacitor having the current flow 
thereinto negligible; and 
the correct driving parameter for said pixel is the sum of that reference voltage 
and the desired voltage to be charged to said capacitor. 

34. An active matrix LCD of claim 1 5 or 1 6 further comprising: 

a calibration memory having the display characteristics of said pixel element 
stored therein; 

electronic circuitry for obtaining the correct driving parameter for said pixel 

element by fetching the display characteristics of said pixel element from said 

calibration memory; and 
the correct driving parameter for said pixel is the correct data-voltage applying to 

the row driving line, connecting to the second terminal of said third non-linear 

element, in said array of row driving lines. 

35. An active matrix LCD of claim 34 further comprising: 

a video memory having the correct data- voltage for said pixel element stored 
therein. 

36. An active matrix LCD of claim 34 wherein 

the display characteristics of said pixel element is a complete lookup table 
containing the correct data-voltages for all gray levels of the pixel 
associated with said pixel element. 

37. An active matrix LCD of claim 34 wherein 

the display characteristics of said pixel element is a partial lookup table 
containing the correct data-voltages for selected gray levels of the pixel 
associated with said pixel element; and 

said electronic circuitry for obtaining further comprises electronic circuitry for 
calculating the correct driving parameters by using the correct data- 
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voltages for selected gray levels from said calibration memory as the raw 
data. 



38. An active matrix LCD with improved display uniformity, comprising: 
a matrix of pixel elements wherein 

a pixel element comprising at least one two-terminal non-linear element; 
a calibration memory having the display characteristics of said pixel element stored 
therein; 

electronic circuitry for obtaining the correct driving parameters for said pixel element 
by using the display characteristics of said pixel element fetched from said 
calibration memory; and 

electronic circuitry for driving said pixel element with the correct driving parameters 
for said pixel element. 

39. An active matrix LCD of claim 38 further comprising: 

a video memory having the correct driving parameters for said pixel element 
stored therein. 

40. An active matrix LCD of claim 38 further comprising: 

measurement circuitry for measuring the display characteristics of said pixel 
element. 

41. An active matrix LCD of claim 38 wherein 

the display characteristics of said pixel element being a complete look-up table 
listing the correct driving parameter for all gray level of said pixel element. 

42. An active matrix LCD of claim 38 wherein 
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the display characteristics of said pixel element being a partial look-up table 
listing the correct driving parameter for selected gray level of said pixel 
element. 

43 An active matrix LCD of claim 38, 39 or 40 further comprising: 
an array of row driving lines; 

a first array of column driving lines being perpendicular to said array of row 

driving lines; and 
said pixel element comprises, 

(a) a capacitor having a first terminal and a second terminal , 

(b) a first non-linear element having a first terminal connecting to the first terminal 

of said capacitor and having a second terminal connecting to a column driving 
line in said first array of column driving lines, 

(c) a second non-linear element having a first terminal connecting to the first 
terminal of said capacitor, and having a second terminal, 

(d) electronic circuitry for driving said pixel element into charging-on mode 

having both said first non-linear element and said second non-linear element 
in the conducting state at the same time, for changing the voltage on said 
capacitor, 

(e) electronic circuitry for driving said pixel element into charging-off mode 
having both said first non-linear element and said second non-linear element 
in the non-conducting state at the same time, for maintaining the voltage on 
said capacitor, and 

(f) electronic circuitry for charging said capacitor when said pixel element is in 
charging-on mode. 

44. An active matrix LCD of claim 43 further comprising: 

a second array of column driving lines being in parallel with said first array of 
column driving lines; 
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said capacitor having the second terminal connecting a row driving line in said 

array of row driving lines; and 
said second non-linear element having the second terminal connecting to a 

column driving line in said second array of column driving lines. 

45. An active matrix LCD of claim 44 wherein 

the display characteristics of said pixel element being the reference voltage of 

the terminal one of said capacitor when said pixel element being in 

charging-on mode and when said capacitor having the current flow 

thereinto negligible; and 
the correct driving parameter for said pixel is the sum of that reference voltage 

and the desired voltage to be charged to said capacitor. 

46. An active matrix LCD of claim 43 further comprising: 

a second array of column driving lines being in parallel with said first array of 

column driving lines; 
said second non-linear element having the second terminal connecting to a 

common voltage; and 
said pixel element further comprising, 

a third non-linear element having a first terminal connecting to the second 
terminal of said capacitor and having a second terminal connecting to a 
row driving line in said array of row driving lines, and 
a resistive element having a first terminal connecting to the second terminal of 
said capacitor and having a second terminal connecting to a column 
driving line in said second array of column driving lines. 

47. An active matrix LCD of claim 43 wherein 

said second non-linear element having the second terminal connecting to a 

common voltage; and 
said pixel element further comprising, 
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5 a third non-linear element having a first terminal connecting to the second 

6 terminal of said capacitor and having a second terminal connecting to a 

7 row driving line in said array of row driving lines, and 

8 a resistive element having a first terminal connecting to the second terminal of 

9 said capacitor and having a second terminal connecting to a column 

10 driving line in said first array of column driving lines. 
11 

1 48. An active matrix LCD with improved uniformity of claim 38, 39 or 40 further 

2 comprising: 

3 an array of row driving lines; 

4 an array of column driving lines being perpendicular to said array of row driving 

5 lines; and 

6 said pixel element comprising 

7 (a)a capacitor having a first terminal and having a second terminal connecting 

8 a row driving line in said array of row driving lines, and 

9 (b)a two-terminal non-linear element having a first terminal connecting to the 

10 first terminal of said capacitor and having a second terminal connecting to 

1 1 a column driving line in said array of column driving lines. 
12 

1 49. An active matrix LCD of claim 48 wherein 

2 the display characteristics of said pixel element being a data point on the 

3 current-voltage characteristics of said two-terminal non-linear element. 

4 

1 50. An active matrix LCD of claim 48 wherein 

2 the display characteristics of said pixel element being the threshold voltage of 

3 said two-terminal non-linear element. 
4 

1 5 1 . An active matrix LCD of claim 48 wherein 
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2 the display characteristics of said pixel element being the voltage drop across 

3 said two-terminal non-linear element when a given current is passing 

4 though said two-terminal non-linear element. 
5 

6 

1 52. A method of driving a pixel element in an active matrix LCD having 

2 an array of row driving lines, 

3 a first array of column driving lines being perpendicular to said array of row 

4 driving lines, 

5 a second array of column driving lines being perpendicular to said array of row 

6 driving lines and being in parallel with said first array of column driving lines, 

7 and said pixel element comprising 

8 (a)a capacitor having a first terminal and having a second terminal connecting 

9 a row driving line in said array of row driving lines, 

10 (b)a first non-linear element having a first terminal connecting to the first 

1 1 terminal of said capacitor and having a second terminal connecting to a 

12 column driving line in said first array of column driving lines, and 

13 (c)a second non-linear element having a first terminal connecting to the first 

14 terminal of said capacitor and having a second terminal connecting to a 

15 column driving line in said second array of column driving lines, 

16 comprising the step of: 

17 charging said capacitor to a desired voltage by driving said pixel element into 

18 charging-on mode having both said first non-linear element and said 

19 second non-linear element in the conducting state at the same time; and 

20 maintaining the charge on said capacitor by driving said pixel element into 

21 charging-off mode having both said first non-linear element and said 

22 second non-linear element in the non-conducting state at the same time. 
23 

1 53. A method of claim 52 wherein said step of charging further comprising the 

2 steps of: 
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3 applying a first on-voltage to the column driving line, connecting to the 

4 second terminal of said first non-linear element, in said first array of 

5 column driving lines; 

6 applying a second on-voltage to the column driving line, connecting to the 

7 second terminal of said second non-linear element, in said second array of 

8 column driving lines; and 

9 applying a data-voltage to the row driving line, connecting to the second 
10 terminal of said capacitor, in said array of row driving lines. 

11 

1 54. A method of claim 52 wherein said step of maintaining further comprising the 

2 steps of: 

3 applying a first off-voltage to the column driving line, connecting to the second 

4 terminal of said first non-linear element, in said first array of column driving 

5 lines; and 

6 applying a second off-voltage to the column driving line, connecting to the second 

7 terminal of said second non-linear element, in said second array of column 

8 driving lines. 
9 

1 55. A method of claim 52 further comprising the step of: 

2 measuring the reference voltage of the terminal one of said capacitor when said 

3 pixel element being in charging-on mode and when said capacitor having the 

4 current flow thereinto negligible; and 

5 said step of charging further comprises the steps of: 

6 applying a first on-voltage to the column driving line, connecting to the 

7 second terminal of said first non-linear element, in said first array of 

8 column driving lines; 

9 applying a second on-voltage to the column driving line, connecting to the 

10 second terminal of said second non-linear element, in said second array of 

1 1 column driving lines; and 
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12 applying a data-voltage to the row driving line, connecting to the second 

13 terminal of said capacitor, in said array of row driving lines, and the data- 

14 voltage being the sum of that measured reference voltage and the desired 

15 voltage to be charged to said capacitor. 

16 
17 

1 56. A method of driving an active matrix LCD having 

2 a matrix of pixel elements wherein a pixel element comprising, 

3 (a)a capacitor having a first terminal and a second terminal, 

4 (b)a first non-linear element having a first terminal connecting to the first terminal 

5 of said capacitor and having a second terminal, 

6 (c)a second non-linear element having a first terminal connecting to the first 

7 terminal of said capacitor and having a second terminal, and 

8 (d) said pixel element being capable of setting into a mode selected from the 

9 group consisting of charge-on mode and charging-off mode, said charging-on 
10 mode having both said first non-linear element and said second non-linear 

x J element in the conducting state at the same time, and said charging-off mode 

12 having both said first non-linear element and said second non-linear element 

13 in the non-conducting state at the same time, 

14 comprising the step of: 

15 selecting a column of pixel elements by driving each pixel element in the selected 

1 6 column into charging-on mode; 

17 charging said capacitor to a desired voltage when said pixel element is in 

1 8 charging-on mode; and 

19 maintaining the charge on said capacitor when said pixel element in charging-off 

20 mode. 
21 
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57. A method of claim 56 wherein said step of charging further comprising the steps 
of: 

applying a first on-voltage to the second terminal of said first non-linear element; 
applying a second on-voltage to the second terminal of said second non-linear 
element; and 

applying a data-voltage to the second terminal of said capacitor. 

58. A method of claim 56 wherein said step of maintaining further comprising the 
steps of: 

applying a first off-voltage to the second terminal of said first non-linear element; 
and 

applying a second off-voltage to the second terminal of said second non-linear 
element. 

59. A method of claim 56 further comprising the step of: 

measuring the reference voltage of the terminal one of said capacitor when said 
pixel element being in charging-on mode and when said capacitor having the 
current flow thereinto negligible; and 
said step of charging further comprises the steps of 

applying a first on-voltage to the second terminal of said first non-linear 
element, 

applying a second on-voltage to the second terminal of said second non-linear 
element, and 

applying a data- voltage to the second terminal of said capacitor, and the data- 
voltage being the sum of that measured reference voltage and the desired 
voltage to be charged to said capacitor. 
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AMENDED CLAIMS 

[received by the International Bureau on 08 December 1999 (08.12.99); 
original claims 1-59 replaced by new claims 1-39 (13 pages)] 

I 
2 
3 

i 1. A method for creating a video data signal compensated for the non-uniformity of an LCD 



2 having a matrix of pixels, comprising the steps of: 

3 measuring the display characteristics of each pixel, having an LCD cell, in the matrix of 

4 pixels; 

5 deriving at lest one calibration parameter for each pixel in the matrix of pixels from the 

6 measured display characteristics of the corresponding pixel; 

7 storing into a calibration memory at least one calibration parameter for each pixel in the 

8 matrix of pixels; 

9 obtaining the compensated video word for each pixel in the matrix of pixels by using the 

10 calibration parameter for the corresponding pixel fetched from the calibration memory; 

1 1 storing into a video memory having a matrix of memory-cells the compensated video word 

12 for each pixel in the matrix of pixels; and 

13 creating the compensated video data signal by fetching the compensated video word for 

14 each pixel from the video memory. 
15 

1 2. A method for creating a video data signal compensated for the non-uniformity of an LCD 

2 having a matrix of pixels, comprising the steps of: 

3 measuring the display characteristics of each pixel, having an LCD cell, in the matrix of 

4 pixels; 

5 deriving at lest one calibration parameter for each pixel in the matrix of pixels from the 

6 measured display characteristics of the corresponding pixel; 

7 storing into a calibration memory at least one calibration parameter for each pixel in the 

8 matrix of pixels; 

9 storing into a video memory having a matrix of memory-cells the uncompensated video 
10 word for each pixel in the matrix of pixels; 
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obtaining the compensated video word for each pixel in the matrix of pixels by using the 
calibration parameter of the corresponding pixel fetched from the calibration memory; 
and 

creating the compensated video data signal by using the compensated video word 
generated from the step of obtaining. 

3. A method of claim 1 or 2 wherein 

each pixel comprising, 

(a) a capacitor having a first terminal, 

(b) a first non-linear element having a first terminal connecting to the first terminal 
of said capacitor, and 

(c) a second non-linear element having a first terminal connecting to the first . 
terminal of said capacitor; and 

said step of measuring further comprises the step of 

measuring a reference voltage on the first terminal of said capacitor. 

4. A method of claim 1 or 2 wherein 

each pixel comprising 

a two-terminal non-linear element; and 
said step of measuring further comprises the step of 

measuring a data point in the current- voltage characteristics of said two-terminal- 
non-linear element. 

5. A method of claim 1 or 2 wherein 

said step of deriving further comprises the step of determining the correct- driving 

parameters for all gray levels of each pixel by using the measured display 

characteristics of the corresponding pixel as the row data; 
said step of storing into the calibration memory further comprises the step of storing 

into the calibration memory the correct driving parameters for all gray levels of 

each pixel; and 
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8 said step of obtaining further comprises the step of fetching the correct driving 

9 parameters for the corresponding pixel from the calibration memory. 
10 

1 6. A method of claim 1 or 2 wherein 

2 said step of deriving further comprises the step of determining the correct driving 

3 parameters for selected gray levels of each pixel by using the measured display 

4 characteristics of the corresponding pixel as the row data; 

5 said step of storing into the calibration memory further comprises the step of storing 

6 into the calibration memory the correct driving parameters for selected gray levels 

7 of each pixel; and 

8 said step of obtaining further comprises the step of calculating the correct driving 

9 parameters by using the correct driving parameters for selected gray levels of the 

10 corresponding pixel from the calibration memory as the raw data. 
11 

1 7. A method of claim 6 wherein said step of calculating is a step being performed based on 

2 linear approximation. 

3 

1 8. A method of claim 6 wherein said step of calculating is a step being performed with a 

2 dedicated microprocessor. 
-» 

1 9. A method of claim 1 or 2 wherein 

2 said step of deriving further comprises the step of determining the calibration 

3 parameters of each pixel based on a device model by using the measured display 

4 characteristics of the corresponding pixel as the row data; and 

5 said step of obtaining further comprises the step of calculating the correct driving 

6 parameters by using a device model as the algorithm and by using the calibration . 

7 parameters of the corresponding pixel from the calibration memory as the raw data. 
8 

1 10. A method of claim 9 wherein said step of calculating is a step being performed with a 

2 dedicated microprocessor. 
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4 

1 11. An active matrix LCD with improved display uniformity, comprising: 

2 a matrix of pixel elements wherein 

3 a pixel element comprising an LCD cell and at least one two-terminal non-linear element; 

4 a calibration memory having at least one calibration parameter for said pixel element 

5 stored therein; 

6 electronic circuitry for obtaining the correct driving parameters for said pixel element by 

7 using the calibration parameter for said pixel element fetched from said calibration 

8 memory; and 

9 electronic circuitry for driving said pixel element with the correct driving parameters for 
10 said pixel element. 

11 

1 12. An active matrix LCD of claim 1 1 further comprising: 

2 a video memory having the compensated video word for said pixel element stored 

3 therein; and 

4 electronic circuitry for converting the compensated video word into the correct driving 

5 parameter for said pixel element. 
6 

1 13. An active matrix LCD of claim 1 1 further comprising: 

2 measurement circuitry for measuring the display characteristics of said pixel element; 

3 and 

4 electronic circuitry for deriving at least one calibration parameter for said pixel element 

5 from the measured the display characteristics of said pixel element. 
6 

1 14. An active matrix LCD of claim 1 1 wherein 

2 the calibration parameter for said pixel element being the correct driving parameter for 

3 a gray level of said pixel element; and 

4 said calibration memory having the correct driving parameters for all gray levels of 

5 said pixel element stored therein as a complete lookup table. 
6 

1 15. An active matrix LCD of claim 1 1 wherein 
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the calibration parameter for said pixel element being the correct driving parameter for 



said calibration memory having the correct driving parameters for selected gray levels 
of said pixel element stored therein as a partial lookup table. 

16. An active matrix LCD of claim 1 1 wherein 

the calibration parameter for said pixel element being a set of fitting parameters for the 
measured display characteristics of said pixel element based on a device model. 

17. An active matrix LCD of claim 1 1, 12 or 13 further comprising: 
an array of row driving lines; 

a first array of column driving lines being perpendicular to said array of row driving 

lines; and 
said pixel element comprises, 

(a) a capacitor having a first terminal and a second terminal , 

(b) a first non-linear element having a first terminal connecting to the first terminal of 
said capacitor and having a second terminal connecting to a column driving line in 
said first array of column driving lines, 

(c) a second non-linear element having a first terminal connecting to the first terminal 
of said capacitor, and having a second terminal, 

(d) electronic circuitry for driving said pixel element into charging-on mode having both 

said first non-linear element and said second non-linear element in the conducting 
state at the same time, for changing the voltage on said capacitor, 

(e) electronic circuitry for driving said pixel element into charging-off mode having 
both said first non-linear element and said second non-linear element in the non- 
conducting state at the same time, for maintaining the voltage on said capacitor, 
and 

(f) electronic circuitry for charging said capacitor when said pixel element is in 
charging-on mode. 

18. An active matrix LCD of claim 17 further comprising: 
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a gray level of said pixel element; and 
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2 a second array of column driving lines being in parallel with said first array of column 

3 driving lines; 

4 said capacitor having the second terminal connecting a row driving line in said array of 

5 row driving lines; and 

6 said second non-linear element having the second terminal connecting to a column 

7 driving line in said second array of column driving lines. 
8 

1 19. An active matrix LCD of claim 18 wherein 

2 the calibration parameter for said pixel element being the reference voltage of the 

3 terminal one of said capacitor when said pixel element being in charging-on mode 

4 and when said capacitor having the current flow thereinto negligible; and 

5 the correct driving parameter for said pixel is the sum of that reference voltage and the 

6 desired voltage to be charged to said capacitor. 
7 

1 20. An active matrix LCD of claim 17 further comprising: 

2 a second array of column driving lines being in parallel with said first array of column 

3 driving lines; 

4 said second non-linear element having the second terminal connecting to a common 

5 voltage; and 

6 said pixel element further comprising, 

7 a third non-linear element having a first terminal connecting to the second terminal 

8 of said capacitor and having a second terminal connecting to a row driving line 

9 in said array of row driving lines, and 

10 a resistive element having a first terminal connecting to the second terminal of said 

1 1 capacitor and having a second terminal connecting to a column driving line in 

12 said second array of column driving lines. 
13 

1 21 . An active matrix LCD with improved uniformity of claim 1 1, 12, or 13 further 

2 comprising: 

3 an array of row driving lines; 
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4 an array 

5 and 



of column driving lines being perpendicular to said array of row driving lines; 



6 said pixel element comprising 

7 (a) a capacitor having a first terminal and having a second terminal connecting a 



8 
9 
10 



row driving line in said array of row driving lines, and 
(b) a two-terminal non-linear element having a first terminal connecting to the first 
terminal of said capacitor and having a second terminal connecting to a column 



l ! driving line in said array of column driving lines. 

12 

1 22. An active matrix LCD of claim 21 wherein 

2 the calibration parameter for said pixel element being a data point on the current- 

3 voltage characteristics of said two-terminal non-linear element. 

4 

1 23. An active matrix LCD of claim 21 wherein 

2 the calibration parameter for said pixel element being the threshold voltage of said 

3 two-terminal non-linear element. 
4 

1 24. An active matrix LCD of claim 21 wherein 

2 the calibration parameter for said pixel element being the voltage drop across said two- 

3 terminal non-linear element when a given current is passing though said two-terminal 



4 non-linear element. 

5 
6 

1 25. An active matrix LCD comprising: 

2 an array of row driving lines; 

3 a first array of column driving lines being perpendicular to said array of row driving lines; 

4 a second array of column driving lines being in parallel with said first array of column 

5 driving lines; 

6 a matrix of pixel elements wherein a pixel element comprising, 

7 (a)a capacitor having a first terminal, and having a second terminal connecting a row 

8 driving line in said array of row driving lines, 
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9 (b)a first non-linear element having a first terminal connecting to the first terminal of 

10 said capacitor and having a second terminal connecting to a column driving line in 

1 1 said first array of column driving lines, 

12 (c)a second non-linear element having a first terminal connecting to the first terminal 

13 of said capacitor, and having a second terminal connecting to a column driving line 

14 in said second array of column driving lines, 

15 (d)electronic circuitry for driving said pixel element into charging-on mode having both 

16 said first non-linear element and said second non-linear element in the conducting 

17 state at the same time, for changing the voltage on said capacitor, 

18 (e) electronic circuitry for driving said pixel element into charging-off mode having 

19 both said first non-linear element and said second non-linear element in the non- 
20 conducting state at the same time, for maintaining the voltage on said capacitor, 

21 and 

22 (f) electronic circuitry for charging said capacitor when said pixel element is in . 

23 charging-on mode; and 

24 a calibration memory having at least one calibration parameter for each piixel element in 

25 said matrix of pixel elements stored therein. 
26 

1 26. An active matrix LCD comprising: 

2 an array of row driving lines; 

3 a first array of column driving lines being perpendicular to said array of row driving lines; 

4 a second array of column driving lines being in parallel with said first array of column . 

5 driving lines; 

6 a matrix of pixel elements wherein a pixel element comprising, 

7 (a) a capacitor having a first terminal and a second terminal, 

8 (b) a first non-linear element having a first terminal connecting to the first terminal of 

9 said capacitor and having a second terminal connecting to a column driving line in 

10 said first array of column driving lines, 

11 (c) a second non-linear element having a first terminal connecting to the first terminal 

12 of said capacitor, and having a second terminal connecting to a common voltage, 
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13 (d) a third non-linear element having a first terminal connecting to the second terminal 

14 of said capacitor and having a second terminal connecting to a row driving line in 

15 said array of row driving lines, 

16 (e) a resistive element having a first terminal connecting to the second terminal of said 

17 capacitor and having a second terminal connecting to a column driving line in said 

18 second array of column driving lines, 

19 (f) electronic circuitry for driving said pixel element into charging-on mode having 

20 both said first non-linear element and said second non-linear element in the 

21 conducting state at the same time, for changing the voltage on said capacitor, 

22 (g) electronic circuitry for driving said pixel element into charging-ofFmode having 

23 both said first non-linear element and said second non-linear element in the non- 
24 conducting state at the same time, for maintaining the voltage on said capacitor, 

25 and 

26 (h) electronic circuitry for charging said capacitor when said pixel element is in 

27 charging-on mode; and 

28 a calibration memory having at least one calibration parameter for each pixel element in 

29 said matrix of pixel elements stored therein. 
30 

1 27. An active matrix LCD of claim 25 or 26 further comprising: 

2 electronic circuitry for determining the calibration parameter for each pixel element in 

3 said matrix of pixel elements . 
4 

1 28. An active matrix LCD of claim 25 or 26 wherein 

2 the calibration parameter for each pixel element being the reference voltage of the 

3 terminal one of the capacitor in the pixel element when the pixel element being in 

4 charging-on mode and when the capacitor having the current flow thereinto 

5 . negligible. 
6 

1 29. An active matrix LCD of claim 25 or 26 further comprising: 
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2 electronic circuitry for calculating the correct driving parameter for each pixel element 

3 by fetching the calibration parameter for the corresponding pixel element from said 

4 calibration memory. 

5 

1 30. An active matrix LCD of claim 29 further comprising: 

2 a video memory having the compensated video word for each pixel element stored 

3 therein; and 

4 electronic circuitry for converting the compensated video word for each pixel element 

5 into the correct driving parameter for the corresponding pixel element. 
6 

1 3 1. An active matrix LCD of claim 25 or 26 wherein 

2 the calibration parameter for each pixel element being the correct data- voltages for a 

3 gray levels of that pixel element; and 

4 said calibration memory having the correct data- voltages for all gray levels of each 

5 pixel element stored therein as a complete lookup table. 
6 

1 32. An active matrix LCD of claim 25 or 26 wherein 

2 the calibration parameter for each pixel element being the correct data-voltages for a 

3 gray levels of that pixel element; and 

4 said calibration memory having the correct data-voltages for selected gray levels of 

5 each pixel element stored therein as a partial lookup table. 
6 

1 33. An active matrix LCD of claim 25 or 26 wherein 

2 the calibration parameter for each pixel element being a set of fitting parameters for the 

3 display characteristics of the corresponding pixel element based on a device model; 

4 and 

5 said electronic circuitry for obtaining further comprises electronic circuitry for 

6 calculating the correct driving parameters by using a device model as the algorithm 

7 and by using the calibration parameters of the corresponding pixel element from 

8 the calibration memory as the raw data.. 
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10 

1 34. An active matrix LCD comprising: 

2 an array of row driving lines; 

3 a first array of column driving lines being perpendicular to said array of row driving lines; 

4 a second array of column driving lines being in parallel with said first array of column 

5 driving lines; 

6 a matrix of pixel elements wherein a pixel element comprising, 

7 (a) a capacitor having a first terminal and a second terminal, 

8 (b) a first non-linear element having a first terminal connecting to the first terminal of 

9 said capacitor and having a second terminal connecting to a column driving line in 
10 said first array of column driving lines, 



(c) a second non-linear element having a first terminal connecting to the first terminal 
of said capacitor, and having a second terminal connecting to a common voltage, 

(d) a third non-linear element having a first terminal connecting to the second terminal 
of said capacitor and having a second terminal connecting to a row driving line in 



15 said array of row driving lines, 

16 (e) a resistive element having a first terminal connecting to the second terminal of said 

17 capacitor and having a second terminal connecting to a column driving line in said 

18 second array of column driving lines, 

19 (f) electronic circuitry for driving said pixel element into charging-on mode having 

20 both said first non-linear element and said second non-linear element in the 

21 conducting state at the same time, for changing the voltage on said capacitor, 

22 (g) electronic circuitry for driving said pixel element into charging-offmode having 

23 both said first non-linear element and said second non-linear element in the non- 
24 conducting state at the same time, for maintaining the voltage on said capacitor, 

25 and 

26 (h) electronic circuitry for charging said capacitor when said pixel element is in 

27 charging-on mode. 
28 

1 35. An active matrix LCD of claim 34 wherein said first non-linear element, said second 

2 non-linear element and said third non-linear element are selected from a group 
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3 consisting of metal-insulator-metal diode, pn diode, diode complex comprising a metal- 

4 insulator-metal diode and a resistor, diode complex comprising a pn diode and a 

5 resistor, avalanche diode complex comprising two thin film pn diodes connecting 

6 inversely to each other in series, and any combination thereof. 

7 

1 36. An active matrix LCD of claim 34. wherein said electronic circuitry for driving said 

2 pixel element into charging-on mode comprises: 

3 electronic circuitry for applying a first on-voltage to the column driving line, 

4 connecting to the second terminal of said first non-linear element, in said first array 

5 of column driving lines; and 

6 electronic circuitry for applying a second on-voltage to the column driving line, 

7 connecting to the second terminal of said resistive element, in said second array of 

8 column driving lines. 

1 37. An active matrix LCD of claim 34 wherein said electronic circuitry for driving said 

2 pixel element into charging-off mode comprises: 

3 electronic circuitry for applying a first off-voltage to the column driving line, 

4 connecting to the second terminal of said first non-linear element, in said first array 

5 of column driving lines; and 

6 electronic circuitry for applying a second off-voltage to the column driving line, 

7 connecting to the second terminal of said resistive element, in said second array of 

8 column driving lines. 
9 

1 38. An active matrix LCD of claim 34 wherein said electronic circuitry for charging said 

2 capacitor comprises: 

3 electronic circuitry for applying a data-voltage to the row driving line, connecting to 

4 the second terminal of said third non-linear element, in said array of row driving 

5 lines. 
6 

1 39. An active matrix LCD of claim 34 further comprising: 
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2 electronic circuitry for selecting a column by driving all pixel elements in that selected 

3 column into charging-on mode and driving all pixel elements in all the rest columns 

4 into charging-offmode; and 

5 electronic circuitry for charging the capacitor of the pixel element in that selected 

6 column. 



69 

AMENDED SHEET (ARTICLE 19) 



BNSOOCID: <WO 002851 6A1 I > 



THIS PAGE BLANK (uspto) 



WO 00/28516 W W . PCTAJS98/23837 

1 /33 



13(H) 



5(M,j-1) 



80-1.H) 



140-1) 



13(i) 



V data (i)i -D^ 

14(i) 



5(i.M) 



8(i.H) 



13Ji+1) 



14(1+1) 



5(i+1.J-1) 

-d 4 



8(1*1.1-1) 



-110-1) 
120-1) 



V(j-1)=V, 



off 



50-1, D 



80-1J) 



5(i.i) 



2_ 



8(i. 



5(W.i) 



8(i+1.i) 



jr^- — if© 

A— 120) 

v«= -v on 
(Priori Art) 



50-1J+D 



80-1.J+D 



5ft H) 



8ft H) 



50+1J+D 



80+1 j+1) 



10+1) 



120+1) 

VG+D=v off 



Figure 1a 



SUBSTITUTE SHEET (RULE 26) 



BNSDOCID: <WO 002B516A1 I > 



THIS PAGE BLANK (uspto) 



WO 00/28516 ^ ^ PCT/US98/23837 

2/33 



o 






O 






V th (i.j) 


1 1 -jr- 1 1 r 






v!(ij) 

th\ '•»/ 


Voltage 



Figure 1 b 



SUBSTITUTE SHEET (RULE 26) 



BNSDOCID: <WO 002851 6A1 I > 



THIS PAGE BLANK (USPTO) 



WO 00/28516 



PCT/US98/23837 



3/33 



/ 7fMi-1) / 



130-1) 



140-1) 



50. H) 

( TftJI) ( 



14(i) 



13(0 



14(M) 



5Ui-D 



fflj-1) 



90+lj-U- 



column-off 

-11Q-D ivo-il- 



-9° 



9P-1J) 



5(1-1.1) 50-i.D 



I 7f 1 1j) ( 



5(i.D 5*0. p 

70. i) 



9(i. D 



8(i-D 



3 



9(i*1j) 



^80+1,j) 



I 'U </ "U W A A 

V0-D=v off VG-D=v off V(j)=v 0l 



column-on 

-i2(j) i?(jr 



' 70-1j+1) ^ 

sW-cb-l 



^^Vij*i) 



«i.ri) so. 1*1) 

7ftJ*1) { 



90. M)- 



50+1.H) 5 , (i+1,j+1) 



— 



90+1.HH 



column-off 

i2(j*u 12-G+ir 



VG)=v„ n vo+D=v oH v(j+i)=v, 



off 



Figure 2 



SUBSTITUTE SHEET (RULE 26) 



BNSDOCID: <WO 00285 16A1 I > 



THIS PAGE BLANK (uspto) 



WO 00/28516 — — . PCT/US98/23837 



4/33 



50.1) 



5'(i,j) 



V 



on 



ZD 



7(i < j) ,, 



Z3— v 



on 



9(i, j) 



8(i,j) 

V dat a( i ) j 

Charging-on 




Figure3a 



v 



5(i,j) 5'(i,j) 

( 7ft D / 



off 



V 



off 



9(i, j) 



•80. » 



Charging-off 



o- 
I 



V(i,i) RJi) 



V data (i)j 



X 



Figure3b 



SUBSTITUTE SHEET (RUtE 26) 



0028516A1 I > 



i HIS PAGE BLANK (uspto) 



WO 00/28516 ^ ^ PCTAJS98/23837 

5/33 



70 



CALIBRATION 
MEMEORY 



i 



MICROPROCESSOR 



V ref (i.i> 



Pixel 



v^Oj = v^i J) + vji j) 




50 



Pixel 



80 



VIDEO RAM 



Figure 4 



SUBSTITUTE SHEET (RULE 26) 

BNSDOCID: <WO 0028516A1 I > 



THIS PAGE BLANK (uspto) 



WO 00/28516 PCT/US98/23837 

6/33 



50-1j-1) SfMj-1) 



150-D 



9IMJ-1K 



V(Mj)=0 



9P-1J) ^ 



130-1) 



50. M) 5*0. 



15(0 



-f 3 



90. H) - 



so. i) 5'0,i) 



^80. M) 



V(ij»=0 



50. H) 5-0. j+D 

/ 70. H) / 



90. i) 



80. i) 



90. M) - 



1 



130) 



( 70+1J-1) (" 



150+1) 



o -<> 



— cz 



90*14-1)- 



5(i*1^ Sp-lj) 

( 7(i t 1jl f 



V(i+1,j)=0 



5p+1j*1) 5"fi+1i*1) 
( 7fi*1j*D ( 



^"^80+1 



^80+1j) 



130+1) 



column-off 

-110-1) 1VG 



— 120-D — 21^ 
V(M)=V off V(j-1)=V off 



column-on 

^.110) 1 1- o> — A 
A — 120) m) — 2la 

V(j)=0 V(j)=0 vo+i)-v off 



column-off 



2o+i) i2o + ir^cA 
vg+1)=v* 



off 



Figure 5a 



SUBSTITUTE SHEET (RULE 26) 



BNSDOCID: <WO 00285 16A1 I > 



THIS PAGE BLANK (uspto) 



WO 00/28516 



7/33 



PCT/US98/23837 



150-1) -n 



50-1J-1) Sfi-lj-l) 



( L 7r r > L 



2D— 



90-lj-D-, 



^1 



5C*-1j) S(Hj) 
^ 7(i-1j) / 



^ 1 



V(i-1j)=0 



:z_ 



90-U) 



v 8(M,j) 



5*0-1 

/ 70-1 j+1) / 
\L ,_LL 



90-ij+i)^ 



130-D 



50. H> SfchU 

-r— GZj 



15fO -N 



50. D s-p.i) 




90.H)- 



V(ij)=0 

90. j) 



50. H) 50. H) 



80. i) 



90. M)- 



^ 



0.H) 



130) 



50+1J-1) 5*0+14-1) 
/ 70+U1) ( 



150-D 

V ref (i + 1.j)^h 



50*1.i) S'p+I.j) 

r 



9[i+1.MK 



VJ 



M.H) 



V(i+1j)=0 



90+1j> 



9^ 



50+1j+1) 5'0+1j + 1) 
} 70+1j*1) / 



^8(M,j) 



90+l.j+IK 



V ^ N 80*1j + 1 



130+1) 



column-off column-on 

-iio-i) ivo-i)--Hl Jr^-uo) n'O) 
A — 120-u m-\rH\ Is— 1201 

V(h1)=V off V{j)=V on 



column-off 



12*0) 



j)— z!^ ^~i2(j+i) 
V0)=v ( on V(j + 1)=V 0H 



10+1) 11*0+1*--^ 
12-0+1 



V0 + i)=v off 



Figure 5b 



BNSDOCID: <WO 002851 6A1 I > 



SUBSTITUTE SHEET (RULE 26) 



THIS PAGE BLANK (uspto) 



WO 00/28516 



PCTAJS98/23837 



8/33 




j. = M i+ = i+1 j-=j-1 j+ = j+1 

Figure 6a 



SUBSTITUTE SHEET (RULE 26) 



THIS PAGE BLANK (uspto) 



WO 00/28516 



PCT/US98/23837 



9/33 



140-1) 



5{i.j-1) ffo.i-D 

( ( 



I3(i) 



13{i+1) 



14(i+1) 



50-lj-IJ 5"{H,M) 
1 70-1 j-D / 

- imu'imi — ^ — [mi >|MF 



50-1 j) S^i-lj) 



9<i.M) 



50*1j-1) ff(Mj-1) 
( 70 + 1j-1) / 



9fi+1.FD- 



\ 



Ki*1j-D 



9fi-1j) 



5(i.D 5'(i.D 

J™ T jL 



9(U) 



8(i.|l 



5(i+1j) 5-(k1j) 

\ 7(i ; 1 ' D ( 

- iMMlMI — £- 



9(k1,j) 



column-off 

— 11(j-1) 1V °- 1 ^1 A 

V(j-D=v ofl vo-i)=v off VG)=v on 



column-on 

— 110 n't))- 

— 12(j) 12*0) ' 



50-1J+1) S0-1j+1) 
/ 7(Mj*1) { 

-|M|| f |M| — |M|l'lMh 



5(i,H) 5-(i.M) 



{MELB- 



WmmI — 



9(i.M)- 



5(Mj+1) 5-(i+1j+1) 
/ 7(Mj+1) / 



9(i*1,HH 



;i+i.j + i 



column-off 



2^ Zjk I2fl+1) 



10+1) H'tM*-^ 



V(j)=V on V(j+D-V off VQ+1)=V 



off 



Figure 6b 



SUBSTITUTE SHEET (RULE 26) 



BNSDOCID: <WO 00285 16A1 1 > 



fHIS PAGE BLANK (uspto. 



WO 00/28516 W PCTAJS98/23837 

10/33 




i_ = M i+ = i+1 j- = j-1 j+=j+1 

Figure 6c 



BNSDOCIO:<WO 002851 6A1 I > 



SUBSTITUTE SHEET (RULE 26) 



THIS PAGE BLANK amo, 



WO 00/28516 W • PCT/US98/23.837 

11 /33 



70 



MICRO PROCESSOR 



1 



CALIBRATION 
MEMEORY 



Pixel 
0*1, ft 



v;<i.i) 



Pixel 
(W.M) 



Pixel 
(i.H) 



v/ataWrV^i.O + v^i.D-v^ 



50 



Pixel 
j) 



Pixel 
0*1. 



Pixel 



80 



VIDEO RAM 



Figure 7a 



SUBSTITUTE SriEET (RULE 26) 



BNSDOCID: <WO 0028516A1 I > 



THIS PAGE BLANK (usptoi 



WO 00/28516 



12/33 



PCTAJS98/23837 



70 



MICROPROCESSOR 



V d + ataO) j = V taiget (i,j) + V th + (i,j)-V 0 
V; a J i ) j = V target (i ) ])-V th (i,j) + V' i 



50 



80 



CALIBRATION 
MEMEORY 













Pixel 
0*1. i) 


Pixel 
(i*1.M) 








Pixel 
(i.J+U 























Pixel 

(H-i.i) 


Pixel 
<i-1.j+1) 








Pixel 













VIDEO RAM 



Figure 7b 



SUBSTITUTE SHEET (RULE 26) 



BNSDOCID: <WO 0028516A1 I > 



PAGE BLANK (uspto) 



WO 00/28516 



^ PCT/US98/23837 

13/33 




Figure 8a 



SUBSTITUTE SHEET (RULE 26) 

BNSOOCIO: <WO 0028516A1 I > 



THIS PAGE BLANK (USPTO) 



14/33 



PCT/US98/23837 



t 



t 

Figure 8b 



SUBSTITUTE SHEET (RULE 26) 



8 HIS PAGE BLANK (uspto, 



WO 00/28516 PCT/US98/23837 



15/33 




Figure 8c 



BNSDOCID: <WO 0Q2S516A1 I > 



SUBSTITUTE SHEET (RULE 26) 



A 



•"HIS PAGE BLANK (usrro) 



WO 00/28516 



PCT/US98/23837 



16/33 




5CMj-1) * 5(i-1j) 



14(H) 33^1) 310-1) 



34(i) 



13(i) 



Kij) - 
"X - 




140) 33(i} 310) 



130+1) 



"I 



140+1) 33(i^) 310+1) 



8(Mj*1) 



50. H) 
/ 



80. M) 



50*1*1) 



^--110-1) 
A 12Q-1) 

V0-D=v off 



80-1J) 



50. i) 



50+1J) 



80*1. j) 



v(i)= -v 0f 



110) 
120 



50-1J+D 



8(M«M) 



50. M) 



O.M) 



50+l.j+l) 



80+1 H) 



Figure 9 



SUBSTITUTE SHEET (RULE 26) 



BNSDOC1D: <WO 0028S16A1 I > 




THIS PAGE BLANK m, 



WO 00/28516 



PCT/US98/23837 



17/33 



/410-1) ± 



43(M) | 



0 42(M) 



/ 41(i) I 




42& 



V d ata(i + Di 



430+1) ! 




42(1+1) 



50-1J-1) 
/ 



7 



50. H) 
/ 
\ 



80, H) 



5= _L 



80+1^1) 



20-1) 



4*- 

VG-1)=V 0 „ 



50-ljl 



1 



8(1-1. i) 



5(i.j) 



80. D 



50*1 j) 



8(i+1.|) 



vo> -v or 



110) 

12ffl 



50-1J+1) 



80-1.M) 



50. M) 



80. H) 



6(k1j+1) 



8(i+1j+1) 



I20+D 

V(j+D=V of( 



Figure 10 a 



SUBSTITUTE SHEET (RULE 26) 

BNSDOCID: <WO 002851 6A1 I > 




THIS PAGE BLANK (uspto, 



WO 0008516 PCI7US9«23S37 



18/33 



v(-r 0 ;i,j) 




Figure 10b 



SUBSTITUTE SHEET (RULE 26) 



BNSDOCID:<WO 0028516A1 I > 



TH, S PAGE BLANK 



(USPTO) 



WO 00/28516 



PCT/US98/23837 



19/33 




j. = i_1 i+ = i+1 j- = j-1 j+ = j+1 

Figure 11a 



SUBSTITUTE SHEET (RULE 26) 



BNSOOCID: <WO 0028516A1 I > 



THIS ^B BLANK 



(USPTO) 



WO 00/28516 PCT/US98/23837 

20 / 33 




SUBSTITUTE SHEET (RULE 26) 

BNSOOCID: <WO 0028516A1 I > 



THIS PAGE BLANK (uspto) 



WO 00/28516 

21 /33 



PCT/US98/23837 



200 




Figure 12 



BNSDOCID: <WO 0Q28516A1 I > 



SUBSTITUTE SHEET (RULE 26) 



Wis page blank 



(USPTD) 



WO 00/28516 - PCT/US98/23837 

22/33 




i. = M i+ = i+1 j-=j-1 j+ = j+1 

Figure 13 



SUBSTITUTE SHEET (RULE 26) 



BNSDOCID: <WO 002BS16A1 I > 




THIS PAGE BLANK (USPTO) 



WO 00/28516 



PCT/US98/23837 



23/33 



V 



5(i, j)a 5'(i, j)a 



on 



6(U)b J_ 



8(U) 
9(U) 



>-6(i. ))i 



V 



on 



-AMr 



-o Wv — i 

Ron(ij) 

V ref (i,j) -= 

v 0 „ 



R a (i,j) 



+ + 



Charging-on 



AV(ij) V^i), 

Figure14a 



v 



5(i, j)a 5'(i, j)a 

5/ij)b) 7 f y 5 (U)b 



off 



8(U) 
9(i, j) 



6(i, j)b 



R ° ff(i,j) V' iij) 



V data (i)i 



V 



off 



ref 

V 



off 



Charging-off 



Figure14b 



SUB S T I T U T E SHEET (RULE 26) 



BNSDOCID: <WO 0028516A1 I > 



THIS PAGE BLANK m, 



WO 00/28516 



PCT/US98/23837 



24/33 



c 

(D 

•4— < • 

c 

T3 
(D 
> 

O 
i_ 

(D 

Q_ 



Uij) 








' Hd>ta-\/nltanR 








L e1 (i,j) ,/ 


1 _, 



L1 V L2 V L3 V L4 



Figure 15a 



SUBSTITUTE SHEET (RULE 26) 



BNSDOCID: <WO 002851 6A1 1 > 



THIS RAGE BLANK (usrro) 



WO 00/28516 



25/33 



PCTAJS98/23837 




SUBSTITUTE SHEET (RULE 25) 



THIS PAGE BUNK (uspto) 



WO 00/28516 

26 / 33 



PCTAJS98/23837 



70 



MICROPROCESSOR 



For pixie (i,j) to emit light 

intensity L(iJ), 
microprocessor will use 
look-up table of pixel (i,j) in 
calibration memory to find 
out correct data-voltage, 
and store that data-voltage 
into video memory 




— ► 



Figure 16a 



80 



CALIBRTION 
MEMORY 













Pixel 
(I+1.J) 


Pixel 
J+U 






V 4 (i.J) 
V 3 (l,j) 
V,(i.j) 
V,(I.J) 


Pixel 
(I.J+D 























Pixel 
(1*1. J) 


Pixel 
(•♦1. 

J+D 








Pixel 
(i.j+D 











VIDEO MEMORY 



BNSDOCID: <WO 002S516A1 I > 



SUBSTITUTE SHEET (RULE 26) 



THIS PAGE BLANK (uspto) 



WO 00/28516 PCT/US98/23837 



27/33 



70 



80 



CAUBRTION 
MEMORY 













Pixel 
0+1. j) 


Pixel 
0+1. 
J+D 






V 4 (i.j) 
V,(i,j) 
Vrfl,J) 
V,(i,|) 


Pixel 
O.i+D 













Pixel 
0+1. i) 



L(i.j) 



Pixel 
0+1. 
J+D 



Pixel 
(I.J+D 



VIDEO MEMORY 



DRIVER ELECTRONICS 



For pixel (ij) to emit light 

intensity L(i,j), driver 
electronics will use look-up 

table of pixel (i,j) in 
calibration memory to find 
out correct data-voltage, 
and use this correct data- 
voltage to drive pixel (i,j) 




Figure 1 6b 



SUBSTITUTE SHEET (RULE 26) 



BNSDOCID: <WO 00285 16A1 I > 



THIS PAGE BLANK (uspto, 



WO 00/28516 - - PCT/US98/23837 



28/33 



70 



MICROPROCESSOR 



For pixel (ij) to emit light 

intensity L(i,j), 
microprocessor will use 
partial look-up table of pixel 
(i,j) in calibration memory 
and additional calculation to 

find out correct data- 
voltage, and store that data- 
voltage into video memory 




Figure 17a 



i 



80 



CALIBRTION 
MEMORY 













Pixel 


Pixel 

i+D 






V 4 (l,j) 
V 3 (U) 
V 2 (i. i) 
V^J) 


Pixel 























Pixet 
0+1. j) 


Pixel 
(1+1. 
J+U 








Pixel 
(U+D 













VIDEO MEMORY 



BNSDOCID: <WO 0028516A1 I > 



SUBSTITUTE SHEET (RULE 26) 



THIS PAGE BLANK (uspto) 



WO 00/28516 — — PCT/US98/23837 



29/33 



70 



CALIBRTION 
MEMORY 













Pixel 
(1+1.1) 


Pixel 
(i+1. 

j+D 


i 


V 4 (i.J) 
V,(l.j) 
V 2 (i.j) 
V,(i.J) 


Pixel 
(I. J+D 













Pixel 
(i+1.j) 



L(i.j) 



Pixel 
(i+1. 

1+1) 



Pixel 
(i.j+D 



80 



VIDEO MEMORY 



DRIVER ELECTRONICS 



For pixel to emit light 

intensity L(i,j), driver 
electronics will use partial 
look-up table of pixel (ij) in 

calibration memory and 
additional calculation to find 
out correct data-voltage, 
and use this correct data- 
voltage to drive pixel (i,j) 



90 



Figure 17b 



BNSDOCID: <WO 002851 6A1 I > 



SUBSTITUTE SHEET (RULE 26) 



THIS RAGE BLANK (uspto, 



WO 00/28516 



PCIYUS98/23837 



30/33 



CALIBRTION 
MEMORY 



MICROPROCESSOR 



WRITE 
" ML J) 





80 













Pixel 
(W.I) 


Pixel 
(1+1. 
j+D 








Pixel 

(U+D 













VIDEO MEMORY 



BNSDOCID: <WO 0Q28516A1 I > 



SUBSTITUTE SHEET (RULE 26) 



TH, S PAGE BUNK 



(USPTo; 



WO 00/28516 



PCT/US98/23837 



31 /33 



70 



CALIBRTION 
MEMORY 













Pixel 
J) 


Pixel 
(1*1. 
J+1) 






V 4 (i,j) 
V,(i,j) 
V a (!,J) 

v,a.» 


Pixel 
O.j+1) 













WRITE 
" L<U) " 



80 













Pixel 
(I+1.J) 


Pixel 
0*1. 

J*D 






L(i.J) 


Pixel 
(i.j*D 













DRIVER ELECTRONICS 



lfL 2 >L(i, j)>L, 
V,(l. J) J) - L,1 ^,(1. ])D-, ■ ML i) l 

^-^ 

If L s >L(i,j)>L 2 
V 3 (i, j) Mi. j) - LJ *V 2 (I. ML, - L(i. j)] 

If L 4 >L(i, j)>L 3 
V 4 (l. j) [Mi. j) - LJ *V 3 (i. j)[L 4 - L(i. j)] 



90 



VIDEO MEMORY 



Figure 18b 



SUBSTITUTE SHEET (RULE 26) 



BNSDOCID: <WO 002851 OA 1 I > 



THIS PAGE BLANK (uspto, 



WO 00/28516 

32/33 



PCT/US98/23837 



DISPLAY PROCESSOR 



70 



WRITE L( j) 



1-2' ^**3» ^*4* '** j 



comparater 








V k*1 









\J7 V^7 



(k + i-L)v k 






I 


l 



50 

Figure 18c 



80 



CALIBRATION 
MEMEORY 













Pixel 
(M.J) 


Pixel 

i+D 






v 4 0.j) 
v 3 (i,j) 
v 2 (i, j) 


Pixel 
























Pixel 
0+1. J) 


Pixel 
1+1) 








Pixel 
(i.j+D 













VIDEO MEMORY 



BNSDOCID: <WO 0028516A1 I > 



SUBSTITUTE SHEET (RULE 26) 



THIS PAGE BUNK (uspto) 



WO 00/28516 



PCT/US98/23837 



33/33 




Figure 19 



SUBSTITUTE SHEET (RULE 26) 



BNSOOCIO: <WO O028S16A1 I > 



THIS PAGE BLANK (uspto* 



INT! 



IONAL SEARCH REPORT 



ional Application No 



PCT/US 98/23837 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 7 G09G3/36 



According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 7 G09G 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and. where practical, search terms used) 



C- DOCUMENTS CONSIDERED TO BE RELEVANT 



Category • Citation of document, with Indication, where appropriate, of the relevant passages 



Relevant to claim No. 



WO 93 19453 A (PHOTON DYNAMICS INC) 
30 September 1993 (1993-09-30) 

page 3, line 8 - line 14 

page 8, line 8 - line 16 

page 11, line 12 - page 13, line 17 

figures 1,2 

EP 0 755 042 A (SGS THOMSON 

MICROELECTRONICS) 

22 January 1997 (1997-01-22) 



I, 2,5,6 

3,4,7,8, 

II, 38 



1,2,4,5 



3,6-8, 
11,38 



column 7, 
column 9, 
figure 5 



line 29 - column 8, line 15 
line 3 - line 15 



./-- 



LU 



Further documents are listed in the continuation of box C. 



Patent family members are listed in annex. 



* Special categories of cited documents : 

"A" document defining the general state of the art which is not 

considered to be of particular relevance 
-E» earlier document but published on or after the international 

filing date 

"L" document which may throw doubts on priority claim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition or 
other means 

-p" document published prior to the international filing date but 
later than the priority date claimed 



T* later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

"X" document of particular relevance; the claimed Invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

"V document of particular relevance; the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art 

document member of the same patent family 



Date of the actual completion of the international search 



20 August 1999 



Date of mailing of the international search report 



05. 10. 1999 



Name and mailing address of the ISA 

European Patent Office, P.B. 5818 Patendaan 2 
NL - 2280 HV Ri}swtjk 
Tel. (+31-70) 340-2040. Tx. 31 651 epo nl, 
Fax: (+31-70) 340-3016 



Authorized officer 



Farricella, L 



Form PCT/lSA/21 0 (second shoot) (July 1992) 



page 1 of 3 



BNSDOCID: <WO 00285 16A1 I > 



INI. 



flONAL SEARCH REPORT 



onal Application No 

PCT/US 98/23837 



C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT 


Categoiy • 


Citation of document, with indicatJon.where appropriate, ol the relevant passages • 


ri&l&YcuU W wall II rHU. 


A 


EP 0 462 333 A (IBM) 

27 December 1991 (1991-12-27) 

£ m g ^/ ^ \># Willie V.P 1 -A *^ ^ \ <*■ * ■* ^» *™ * ^ 

column 4, line 23 - line 51 
figures 2,3 


1,3,8 


A 

n 


EP 0 768 637 A (PHILIPS ELECTRONICS NV) 
16 April 1997 (1997-04-16) 
column 2, line 23 - column 3, line 10 


1,38 


A 


EP 0 702 347 A (TOKYO SHIBAURA ELECTRIC 
CO) 20 March 1996 (1996-03-20) 
abstract 


1,38 


A 


PATENT ABSTRACTS OF JAPAN 
vol. 018, no. 050 (P-1683), 
26 January 1994 (1994-01-26) 
& JP 05 273939 A (SHARP CORP), 
22 October 1993 (1993-10-22) 
abstract 


1,38 


X 


EP 0 434 627 A (OPTICAL IMAGING SYST) 
26 June 1991 (1991-06-26) 

column 6, line 55 - column 7, line 58 
column 9, line 34 - column 10, line 22 
claims 1,2 
figures 1-3 


13,14, 
17,23, 
25, 

52-54, 
56-58 


x 


EP 0 475 770 A (SEIKO INSTR INC) 
18 March 1992 (1992-03-18) 

column 5, line 14 - column 6, line 40 
figures 1A,3 


13,14, 
17,23, 
25, 

52-54, 
56-58 


x 


EP 0 447 077 A (SEIKO INSTR INC) 
18 September 1991 (1991-09-18) 

column 5, line 8 - column 6, line 12 
figures 1-3 


13,14, 
17,23, 
25, 

52-54, 
56-58 


A 


KUIJK K E: "A NOVEL DIODE MATRIX FOR 
LC-TV" 

PROCEEDINGS OF THE SID, 
vol. 32, no. 4, 

1 January 1991 (1991-01-01), pages 
401-408, XP000281867 
paragraph '00IV! - paragraph '000V! 

-/-- 


15 



Form PCT/lSA/210 (continuation ol second sheet) (July 1992) 



page 2 of 3 



JNSDOCID: <WO 002851 6A1 I > 



INTE 



/IONAL SEARCH REPORT 



^JonaJ Application No 

PCT/US 98/23837 



^Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 3 Citation of document with indication, where appropriate, of the relevant passages 



Relevant to daim No. 



US 4 641 135 A (HIL8RINK JOHAN 0) 
3 February 1987 (1987-02-03) 

column 11, line 27 - column 12, line 30 

figures 7,8 



15 



2 



Form PCTASA/210 (continuation of second sn&et) (Juty 1992) 
BNSDOCID: <WO 0028516A1 1 > 



page 3 of 3 



V 



INTERNATIONAL SEARCH REPORT 



.ttemattonal application No. 

PCT/US 98/23837 



Box I Observations where certain claims were found unsearchable (Continuation of Hem 1 of first sheet) 

This International Search Report has not been established in respect of certain claims under Article I7(2)(a) for the following reasons: 
1.1 Claims Nos.: 

because they relate to subject matter not required to be searched by this Authority, namely: 



2. Claims Nos.: . , ■ _ A , . 

because they relate to parts of the International Application that do not comply with the prescribed requirements to such 

an extent that no meaningful International Search can be carried out, specifically: 



3. I Claims Nos.: 

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 

Box II Observations where unity of invention is lacking (Continuation of item 2 of first sheet) 

This International Searching Authority found multiple inventions in this international application, as follows: 



1 . | I As all required additional search fees were timely paid by the applicant, this International Search Report covers all 

searchable claims. 

2. | | As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment 

of any additional fee. 



3. I I As only some of the required additional search fees were timely paid by the applicant, this International Search Report 
• 1 covers only those claims for which fees were paid, specifically claims Nos.: 



4 I No required additional search fees were timely paid by the applicant. Consequently, this International Search Report is 
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 



Remark on Protest | | The additional search fees were accompanied by the applicant's protest. 

| )( j No protest accompanied the payment of additional search fees. 

Form PCT/ISA/21 0 (continuation of first sheet (1)) (July 1998) 



JNSDOC1D: <WO 002851 6A1 t > 



International Appfication No. PCT/US 98/23837 



FURTHER INFORMATION CONTINUED FROM PCT/1SA/ 210 



This International Searching Authority found multiple (groups of) 
inventions in this international application, as follows: 

1. Claims: 1-12, 38-51 

Method for improving display uniformity in an active matrix 
led. 



2. Claims: 13-37, 52-59 

Structure of an active matrix led using non linear devices. 



BNSDOCID: <WO -002851 6A1 I > 



IK ^TIONAL SEARCH REPORT 

Information on patent family members 



Jonal Application No 

PCT/US 98/23837 



Patent document 
cited in search report 



Publication 
date 



Patent family 
member(s) 



Publication 
date 



WO 


9319453 


A 


30-09- 


1993 


AU 


3794793 


A 


21-10-1993 












JP 


7507139 


T 


03-08-1995 












US 




A 

n 




EP 


0755042 


A 




22-01- 


1997 


US 


5708451 


A 




13-01-1998 



EP 


0462333 


A 


27-12- 


1991 


CA 


2043175 


A 


04-02-1992 










0E 


69012110 


D 


06-10-1994 












JP 


2500026 


B 


29-05-1996 












JP 


4232991 


A 


01 _AQ_1 QAO 

^i— uo— lyy^ 


EP 


0768637 


A 


16-04- 


1997 


NL 


9002516 


A 


16-06-1992 












DE 


69127172 


D 


1 1 Aft 1 AA7 












DE 


69127172 


T 


12-02-1998 












EP 


0487137 


A 

A 


2/-UO-199Z 












JP 


4268599 


A 


24-09-1992 












US 


5495265 


A 


2/-0Z-199O 


EP 


0702347 


A 


20-03- 


1996 


JP 


8030231 


A 


02-02-1996 












US 


5717417 


A 


10-02-1998 


JP 


05273939 


A 


22-10- 


■1993 


NONE 








EP 


0434627 


A 


26-06- 


•1991 


JP 


6230746 


A 


19-08-1994 
— 


EP 


0475770 


A 


18-03- 


■1992 


JP 


4122982 


A 


23-04-1992 












CA 


2051251 


A 


14-03-1992 












DE 


69120882 


D 


22-08-1996 












DE 


69120882 


T 


oo it i nnc 

Z8-ii-iyyo 












US 


5576728 


A 


19-11-1996 


EP 


0447077 


A 


18-09- 


-1991 


JP 


2630663 


B 


16-07-1997 












JP 


3259228 


A 


19-11-1991 












DE 


69116707 


D 


14-03-1996 












DE 


69116707 


T 


30-05-1996 












US 


5204764 


A 


20-04-1993 


US 


4641135 


A 


03-02- 


-1987 


NONE 









Form PCT/1SA/210 (pat am family annex) (July 1992) 
002851 6A1 I > 



